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In this paper are given the general conclusions, outlined in previous papers by the 
writer, as to the evidence for the old age of the faulting in the Coast Ranges, and the 
detailed evidence for the old age of thirty-seven out of fifty-eight known primary faults 
south of San Francisco Bay. The author’s conclusion is that all the primary faults are 
pre-Cretaceous in age. 


INTRODUCTION 

In previous papers’ the writer has outlined the evidence which, in 
his opinion, points to the existence of fault-trough deposition in the 
Coast Ranges during the Cretaceous and Tertiary periods, and it is 
felt that a summary of the data relating to the old age of the indi- 
vidual faults will strengthen that evidence. However, before con- 
sidering these details it is proposed to summarize briefly the more 
important conclusions bearing on this problem that have been dis- 
cussed in considerable detail in the published articles. 

1. Primary faults produced by shearing.—The primary faults of 
the Coast Ranges of California are-the result of shearing produced in 
the basal complex at a time of great compression. The shear theory, 

* Bruce L. Clark, “‘Tectonics of the Valle Grande of California,” Bull. Amer. Assoc. 
of Pet. Geol., Vol. XIII, No. 3 (1929), pp. 201—38, 6 figs; “Tectonics of the Coast Ranges 


of Middle California,” Bull. Geol. Soc. Amer., Vol. XLI (1930), pp. 737-828, 7 pls., 10 


figs. 
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as applied to the Coast Ranges, was first proposed by Bailey Willis," 
who expressed the opinion that only one of two complementary 
shear planes developed into faults. The writer holds that both pri- 
mary planes developed into active faults, the result being wedge- 
shaped blocks, some of which were positive, others negative. 

The principal evidence for the shearing hypothesis is the surface 
pattern of the primary faults, which is a meshwork of closely related 
faults joining one another at acute angles. This pattern is very 
different from any which has been produced experimentally as the 
result of tension, but is similar to one produced by compression 
accompanied by rotation. 

2. Systems of faulting —There are two systems of primary faults 
in the Coast Ranges. These are the San Andreas and the Santa 
Monica systems. The former is much more important than the 
latter and may be traced from the Gulf of California to the northern 
boundary of the state. The Santa Monica system is an east-west 
belt which cuts the faults of the San Andreas almost at right angles. 
Apparently the Santa Monica fault zone forms the southern limit of 
this system, and the Santa Ynez fault forms the northern boundary. 
Dr. Robert Hill’ was the first to point out the existence of these two 
systems. 

3. Criteria for recognition of the buried primary faults —Many of 
the primary faults in the Coast Ranges are either obscure on the sur- 
face or buried under a mantle of sediments. The following summary 
of criteria, which have been accepted by the writer for the recogni- 
tion of obscure and buried faults, is taken from the writer’s paper? on 
the ‘Tectonics of the Coast Ranges of Middle California.” 

a) The presence of an abrupt change in the geological sequence on the 
two sides of a line across an area.—Very often on one side of such a 
line there are several thousand feet of sediments which are absent 
from the opposite side. However, the later sediments may be present 
on both sides of such a line, and on the surface there may be no evi- 
dence of faulting. 

* Bull Geol. Soc. Amer., Vol. XXXI (1902), pp. 247-302; Bull Amer. Assoc. Pet. 
Geol., Vol. XI, No. 1 (1927), pp. 34-37- 


2 Southern California Geology and Earthquakes (S. Calif. Acad. Sci.). 


3 Op. cil., pp. 770-71. 
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b) The sudden thickening or thinning of the deposits of a single for- 
mation along a line through an area.—The interpretation of this 
phenomenon is that the floor of deposition was irregular as a result of 
faulting, and that on the depressed block there was more room for 
sediments than on the uplifted block. 

c) Sudden changes in the folding.—It is found that often folding is 
confined to certain definite areas, and in the immediate vicinity are 
other areas of unfolded sediments. This sudden change, i.e., folding 
in one area and no folding in another, is usually indicative of faulting, 
though the fault may be buried under the later beds. The reason for 
folding in one area and none in another immediately adjacent is that 
in the latter area the deposits were laid across a positive block, in 
which the basal complex is near the surface; whereas, in the folded 
area the basal complex is in most cases buried under thousands of 
feet of later sediments. 

d) The presence of a series of echelon folds.—Echelon folding is one 
of the most characteristic types of Coast Range structure, and al- 
most invariably it has been found to be associated with primary 
faulting. A series of echelon folds, the upper ends of which are in 
line, with no associated fault on the surface is taken as evidence of 
the presence of a buried fault along the line of the folds. 

e) The warping of an erosion surface on the down-thrown block im- 
mediately adjacent to the suspected fault-—A study of the various 
known primary faults in California shows that this is a common 
phenomenon. In some localities a primary fault may be indicated by 
a well-defined scarp with the surface of the down-thrown block 
butting into the fault with no appreciable warping. A short distance 
removed, the same surface may be warped up against the fault, and 
at other places the dragging up of the down-thrown block may bring 
it to the level of the surface of the up-thrown block, in which case 
there is no fault scarp. 

Some skepticism has been expressed as to whether echelon folding 
can be taken as a valid criterion for the location of obscure or buried 
faults. The writer’s principal reason for accepting it is the fact that 
echelon folding is characteristic of the Coast Ranges and, in a large 
proportion of the cases, is associated with primary faulting in such 
a way as to show a close relationship of the two phenomena; the 
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folding has been the result of compression along these faults. We 
know, from several lines of evidence, that many of the primary 
faults are buried. Echelon folding is found along these proved buried 
faults. It would seem logical, therefore, to believe that when echelon 
folding is found, similar to that along proved buried faults, here also 
is a buried fault along which the folding was produced. This conclu- 
sion is strengthened in a large number of cases by the fact that such 
echelon folding is in line with exposed primary faulting. 

4. Two major periods of diastrophism.—One of the chief conclu- 
sions accepted by the writer in connection with the shear-plane hy- 
pothesis is that there have been only two major periods of diastro- 
phism in the Coast Ranges of California since the deposition of the 
Franciscan sediments. These have been referred to as the Sierra Ne- 
vada and Coast Range revolutions. The two major systems of pri- 
mary faults mentioned above had their origin at least as early as the 
Sierra Nevada revolution at the close of the Jurassic. It is probable 
that there will be some who will disagree with this, but the writer can 
see no escape from it if the shear-plane theory is accepted. 

The detailed evidence presented later in the paper shows quite 
conclusively that the large majority of these faults were in existence 
in pre-Pliocene times. Thus, they could not have originated at the 
time of the Coast Range revolution, which occurred after the Plio- 
cene. Between the Sierra Nevada and the Coast Range revolutions 
there was no period of diastrophism that could be classed as a revo- 
lution. There is evidence to show that there was very little com- 
pression in the Coast Range area during the Cretaceous and Tertiary 
periods. To the writer it seems probable that the general Coast 
Range region was in a state of tension rather than of compression 
during those periods of time and that most of the primary faults 
then were normal, becoming compression faults at the time of the 
Coast Range Revolution. The principal evidence for this last con- 
clusion is the general lack of structural unconformities in the Creta- 
ceous and Tertiary sections. If there had been any great amount of 
compression, folding would have resulted and structural unconfor- 
mities would have been formed. There is no evidence that the Coast 
Range revolution produced any new primary fault zones. If this is 
so, then they must have come into existence in pre-Cretaceous times. 
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Still another point of view has been expressed by Bailey Willis,’ i.e., 
that these faults have been compression faults all the time and that 
the late folding was the result of crushing of the basal complex 
brought about at the time of the Coast Range revolution. Space does 
not permit discussion at this time of the evidence for and against 
these two points of view. For the purposes of this paper it does not 
matter which one is correct. The evidence for the old age of the 
faulting applies equally well to both. 

5. Other general evidence for old age of faulting. —The most impor- 
tant general evidence for the old age of the primary faulting is the 
close relationship of the paleogeographic pattern of the various 
basins of the Cretaceous and Tertiary epochs of deposition to that of 
the primary faults. Apparently the individual basins were bounded 
by primary faults. This is borne out by the shore-line character of 
the sediments next to these faults. 

The great thickness of the deposits in these old basins, in some 
cases reaching as much as 40,000 feet, and the fact that this great 
thickness is often cut off abruptly at the bounding fault are taken as 
proof of the old age of the faulting and of fault-trough deposition. 

Not all primary faults form boundaries to basins. Many of them 
cut into and across such old basin areas. Here the old age of these 
faults is often shown by the marked changes in thickness and se- 
quence on the two sides—changes that can be accounted for only on 
the basis of the old age of the faulting. 

6. Primary faults, nol continuous zones.—The primary faults of the 
Coast Ranges are not continuous zones of faulting, as believed by 
most geologists who have studied them, but each is made up of a 
series of related faults. The writer, in his paper, ‘Tectonics of the 
Valle Grande of California,’ pointed out that the San Andreas fault 
zone, which is west of the San Joaquin Valley, is in reality not a 
single fault zone but is formed of a series of closely related faults. 
The following is a quotation taken from this paper: 

In summary the San Andreas fault zone is formed of a series of distinct but 
closely related faults, which are a part of the general system that ramifies and 
cuts through the Coast Ranges. It is true that there is a continuous zone of 


* “Discoidal Structure of the Belt Sphere,” Bull. Geol. Soc. Amer., Vol. XXXI 
(1920), pp. 290-91; also oral communication, June, 1931. 
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faulting along the entire length of the San Andreas; an analysis of this, however, 
shows that different segments of the zone are in line with other primary faults, 
which join it, causing the main fault zone to be offset en échelon where the junc- 
tions take place. This characteristic of the San Andreas fault is found in many 
other major zones; it is especially true of the Hayward and the Sunol faults, 
with the details of which the writer is familiar.' 

Later work on these zones of faulting tends more and more to veri- 
fy the foregoing conclusions. In the writer’s opinion, the individual 
faults are limited to the blocks which they define. Although there is 
a zone of continuous faulting in going from one block to another, 
that portion of the fault zone along each individual major block is 
independent and may act separately from its apparent continuation 
along the side of a neighboring block. All this fits in very well with 
the theory that the blocks may have originated as wedges by shear- 
ing, the result of rotational compression. 


SUMMARY OF EVIDENCE FOR OLD AGE OF INDIVIDUAL FAULTS 
CRITERIA 

There are several ways in which evidence can be obtained as to 
where in the geological scale the individual faults may be dated. 
This dating of a fault does not indicate its age, but rather the time 
of the first definite evidence of its existence. The writer has already 
outlined his general reasons for believing in the pre-Cretaceous age. 

The criteria used in dating the individual faults may be sum- 
marized as follows: 

1. Abrupt changes in sequence on the two sides of a fault indicate 
that the fault was in existence at least part of the time, during which 
the deposits on either side were being laid down. The abrupt ter- 
mination of certain deposits at a fault line, while later beds are 
found on both sides, dates the fault as being older than the later de- 
posits. 

2. Coarse conglomerates and shallow-water deposits of great 
thickness, present on one side of a fault but absent from the other, 
indicate that the fault is older than these sediments. 

3. Abrupt changes in the thickness of a series of beds in crossing 


* Bull. Amer. Pet. Geol., Vol. XIII, No. 3 (1929), pp. 209-10. 
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a fault is good evidence of its existence at the time the beds were 
being laid down. Especially is this true where the beds concerned 
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INDIVIDUAL FAULTS! 

1. Hayward fault.—On the west side of the Hayward fault and in 
the vicinity of the town of Petaluma, which is a few miles north of 
San Francisco Bay, the unfolded Merced (Pliocene) deposits rest 
unconformably upon the Franciscan series, whereas, on the east side 
of the fault there is a great series of Cretaceous, Eocene, Miocene, 
and continental Pliocene deposits. The Pliocene deposits on this side 
of the fault include several thousand feet of lavas, which are not 
present on the west side. All these facts show conclusively that the 
fault is pre-Pliocene in age. Farther south in the vicinity of the town 
of Hayward there are heavy conglomerates well up in the Cretaceous 
series. These were derived from the Franciscan deposits. The posi- 
tion of these conglomerates, and the great thickness of the Creta- 
ceous and Tertiary deposits (several thousand feet), which are cut 
off abruptly at the fault, indicate the pre-Cretaceous age in this 
vicinity. 

2. Las Trampas fault.—Pre-Upper Miocene in age. Upper Mio- 
cene deposits about 3,000 feet thick are present on the east side of the 
fault in the area north of San Pablo Valley, but are mostly absent 
from the west side; there they are represented by only a thin veneer, 
and the Pliocene deposits over most of the area rest directly upon beds 
of Middle Miocene age. The conglomerates in the Upper Miocene on 
the east side of the fault were derived in large part from the shales 
and sandstones of the Middle Miocene on the west side. These con- 
glomerates may be seen east of the Orinda Country Club. In this 
same section there are over 4,000 feet of Middle Miocene deposits on 
the east side of the fault, whereas, on the west side this series is 
represented by less than half that amount. The change in the thick- 
ness takes place abruptly at the fault line, indicating that the fault 
was in existence at the time the sediments were laid down. 

3. Sunol fault.—Pre-Eocene age is indicated by the presence of 
about 2,000 feet of Martinez (Paleocene) deposits on the west side of 
the fault and their absence from the east side. This is seen on the 
Concord quadrangle north of the town of Walnut Creek. Pre-Mio- 

The details of the geology of the various sections crossed by the primary faults as 
far south as the southern side of the Santa Ynez Mountains are shown and described in 
the writer’s paper, ‘‘Tectonics of the Coast Ranges of Middle California,” of. cit., pp. 


772-807. 
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cene age is indicated in the Pleasanton quadrangle where on the west 
side beds of Middle Miocene age rest unconformably upon Cretaceous 
deposits, whereas, on the east side of the fault they rest upon the 
Franciscan series (Jurassic). The great thickness of Cretaceous de- 
posits, which are abruptly cut off at the fault, may be taken as evi- 
dence of its pre-Cretaceous age. 

4. Arroyo del Valle fault—Pre-Middle Miocene in age. On the 
west side of the fault beds of Middle Miocene age rest unconformably 
upon the Franciscan series, and on the east side they rest upon beds 
of Cretaceous age. 

5. Arroyo Mocho fault.—Pre-Pliocene in age. The Siesta forma- 
tion (Pliocene) on the west side of the fault rests on the Briones 
formation (Lower Upper Miocene), but on the east side it overlies 
the Franciscan series (Jurassic?). 

6. Tesla fault.—-Pre-Cretaceous in age. On the west side of this 
fault the Siesta formation (Pliocene) rests unconformably upon 
the Franciscan series, but on the east side there are several thou- 
sand feet of Cretaceous, Eocene, and Miocene deposits overlying the 
Franciscan beds. ‘There are no marked unconformities in this sec- 
tion, therefore the folding which brought the buried formations to 
the surface was in post-Pliocene time, all of which indicates a pre- 
Cretaceous age for the faulting. 

7. Riggs Canyon fault.—Pre-Upper Miocene age is indicated by 
the fact that on the east side of the fault the Briones formation rests 
unconformably upon the Cretaceous, whereas, on the west side there 
are several thousand feet of Eocene, Oligocene, and Middle Miocene 
below the Briones. Also, the Cretaceous beds on this side are later in 
age than those on the east side. Here, again, the lack of evidence of 
late Pliocene folding points to the pre-Cretaceous age of the fault. 

8. Ben Lomond fault.—Pre-Upper Miocene age is shown by the 
abrupt overlap of Upper Miocene beds on the granites on the west 
side of the fault; whereas, on the east side there are several thousand 
feet of Oligocene and Lower and Middle Miocene beds which are cut 
off abruptly at the fault. The lack of evidence of early folding in this 
section points to the pre-Tertiary age of the fault. 

9g. San Gregario fault._-Pre-Pliocene age is indicated by the 
abrupt overlap of the Purissima formation(Pliocene) on beds of Cre- 
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taceous age on the west side of the fault, while on the east side there 
are several thousand feet of Oligocene and Miocene beds which are 
cut off abruptly at the fault. The lack of structural unconformities 
in these sections points to the pre-Tertiary age of the fault. 

10. Salinas fault-—Pre-Upper Miocene age of the fault is indi- 
cated by the presence of several thousand feet of Middle Miocene 
beds on the east side, whereas, on the west side Upper Miocene beds 
abruptly overlap onto the granites. The lack of any structural un- 
conformity between the Upper and Middle Miocene beds may be 
taken as evidence for the pre-Miocene age of the fault. This area of 
abrupt overlap is just southeast of the Gabelon mountains. 

11. King City fault—Pre—Upper Miocene age is indicated by the 
abrupt overlap of the Upper Miocene beds on the granites on the 
east side of the fault, whereas, on the west side there are several 
thousand feet of Lower and Middle Miocene deposits which are cut 
off abruptly at the fault. There is no evidence of folding between 
the Upper and Middle Miocene beds in the general section. The fact 
that they are cut off abruptly at the fault on one side, and that the 
Upper Miocene deposits are found on both sides, is taken as evidence 
of the pre-Miocene age of the fault. 

12. San Antonio fault.—Pre-Miocene age is indicated by the 
abrupt overlap of the Lower Miocene deposits on the granites on the 
east side of the fault, while on the west side there are several thou- 
sand feet of Cretaceous and Paleocene clastics which are cut off 
abruptly at the fault. Also, there is no structural unconformity be- 
tween the Lower Miocene deposits and those of Eocene age. The 
Cretaceous, Eocene, and Miocene sediments of this section have the 
appearance of grading into each other. 

13. Ortigalita fault.—Pre-Cretaceous in age. This zone of faulting 
separates the Franciscan formation from the Cretaceous series along 
the west side of the Mount Hamilton block, and here marks the west 
side of the Valle Grande, the old Cretaceous and Tertiary basin of 
which the San Joaquin and Sacramento valleys are remnants. The 
Cretaceous deposits are folded against the fault so that in some 
places the Knoxville beds (Lower Cretaceous), in other places the 
Chico beds (Upper Cretaceous), outcrop next to the Franciscan. 


This condition is interpreted as the result of unequal drag along the 
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fault. The Cretaceous deposits originally were buried against the 
fault, and different members have been brought to the surface in 
different places as a result of this unequal amount of drag in those 
places. Thus, the evidence goes to show that the deposits were 
formed in a fault-trough and that the Ortigalita fault was one of the 
bounding faults. 

14. New Idria fault—Pre—Middle Miocene age is indicated by the 
Big Blue member of the Middle Miocene in the area east of the fault 
on the Lillis ranch north of Coalinga. This was an old serpentine 
slide in Middle Miocene time. The only place from which the ser- 
pentine could have come is the south side of the fault. The fault 
must have been in existence at that time." 

15. Los Gatos fault.—Pre-Pliocene age is indicated by the abrupt 
overlap of the Etchegoin formation on the north side of the fault on 
to the Franciscan series, whereas, on the south side several thousand 
feet of Cretaceous deposits are exposed. Here the Etchegoin beds are 
parallel with those of the Cretaceous. 

16. Waltham Canyon fault-—Pre—Middle Miocene age is indicated 
by the abrupt overlap of the Middle Miocene beds upon the Francis- 
can series on the west side of the fault, whereas, on the east side 
there are several thousand feet of Cretaceous sediments unconform- 
ably overlaid by the Jacalitos and Etchegoin (Pliocene) formations. 
The Cretaceous is cut off abruptly at the fault on the east side, and 
the Miocene is cut off on the west side. 

17. Castle Mountain fault.2~—Pre-Upper Miocene age is indicated 
by the abrupt overlap of the Miocene deposits on the Cretaceous 
beds on the west side of the fault; whereas, on the east side several 
thousand feet of Eocene and Middle Miocene beds are cut off 
abruptly at the fault. 

18. Polonio fault zone.—Pre-Miocene in age. There is a compli- 
cated fault zone in Polonio Pass. One of the faults is labeled the 
Polonio fault on the map. The Lower Miocene beds rest unconform- 
ably upon the Cretaceous deposits just south of this zone of fault- 
ing, whereas, several thousand feet of Eocene sandstones and shales 

' For detailed discussion of the New Idria fault, see the author’s paper, ‘Tectonics 
of the Valle Grande,” op. cit., pp. 224-20. 


? Shown on the map as a branch of the Waltham Canyon fault. 
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and a considerable thickness of Oligocene beds are between the Low- 
er Miocene and the Cretaceous on the north side. This sudden 
change in sequence on the two sides of the fault zone indicates a pre- 
Miocene age for the faulting. 

19. McKittrick fault—Pre-Miocene in age. This zone of faulting 
separates the Temblor Mountains into two divisions which have very 
different histories. Toward the north the folding has been intense 
and, judging from overlaps in the Tertiary, folding was going on at 
least as early as pre-Miocene time. Toward the south no Creta- 
ceous or Eocene beds are exposed, so one cannot be certain as to 
whether or not they are present. The folding in this portion of the 
range was largely post-Upper Miocene and Pliocene, which would 
seem to indicate that the McKittrick fault existed during pre-Mio- 
cene time; how much longer one cannot say. The writer, in his paper 
on the “Tectonics of the Valle Grande,’" has noted the fact that the 
Tulare deposits (the McKittrick of Arnold and Johnson) have a 
much greater thickness on the south side of the fault; on the north 
side they are thin and lie horizontally or at a low dip. Late Pliocene 
fossil vertebrates have been found in the brea deposits which have 
come up along this zone. All these things indicate that the fault was 
in existence during the Pliocene. 

20. Kern River fault.—Pre-Miocene in age. It has been reported 
that the wells drilled on both sides of the Kern River fault in the 
Poso oil field north of Bakersfield show sudden changes in the thick- 
ness of the Middle Miocene deposits on the two sides of the fault, 
indicating that the fault zone was in existence during the Miocene. 

21. Carrizo fault.—Pre-Miocene in age. This fault bounds the 
vast side of the Carrizo Plains. The area between it and the San 
Andreas fault zone has been referred to by the writer as the Carrizo 


2 


graben. In the paper referred to above,’ the writer outlined the 
evidence which, in his opinion, indicates that the alluvium of the 
graben area is underlaid by a granitic block which during the Mio- 
cene stood high and from which the Miocene deposits on either side 
were in part derived. Thus, if this theory is correct, this portion of 
the San Andreas fault existed during the Miocene as did the Carrizo 
fault on the west side of the block. 


* Ibid., p. 217. 2 Ibhid., p. 213 
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22. Cuyama fauli.—Pre-Upper Miocene in age. On the San Ra- 
fael Mountain block to the south of the Cuyama Valley, beds of Cre- 
taceous age are overlaid by several thousand feet of Eocene and 
Lower Miocene deposits. No Upper Miocene or Pliocene deposits 
have been noted in that section but on the north side beds of Upper 
Miocene age are found resting unconformably upon beds of Creta- 
ceous age. 

23. Caliente fault-—Pre-Upper Miocene in age. This is on the 
north side of the Cuyama Valley and marks another sharp change in 
the sequence of the formations. On the north side there are several 
thousand feet of Lower and Middle Miocene sediments which are not 
present on the south side where the Upper Miocene beds rest uncon- 
formably upon the Cretaceous. 

24. Sisquoc fault.—Pre-Miocene in age. Cretaceous and Eocene 
deposits, many thousands of feet in thickness, are found on the east 
side of the fault in the area southeast of San Luis Obispo. whereas, 
on the west side the Vaqueros beds rest unconformably upon the 
Franciscan series. 

25. Santa Ynez fault.—Pre-Miocene in age. On the north side of 
this fault zone the Vaqueros (Lower Miocene) deposits rest uncon- 
formably upon the Franciscan series, whereas, the sequence on the 
south side of the fault includes several thousand feet of Cretaceous 
and Eocene deposits, which are cut off abruptly at the fault. 

26. San Marco and Little Pine faulis.—Pre-Eocene in age. North 
of the Santa Ynez fault in the northern portion of the Santa Ynez 
quadrangle and south of Sisquoc fault is a series of small faults, 
which were described by Richard Nelson.’ 

Some very noticeable changes in sequence are seen in going across 
some of these faults. They outline a series of smaller blocks, which 
the writer believes were originally a belt of insular masses that bor- 
dered the south side of the San Rafael trough. The evidence for this 
old chain of islands is the great unconformities and the difference in 
sequence of the formations on the different blocks. These blocks un- 
doubtedly formed a part of a general zone of shearing and crushing, 
the resulting faults of which were active throughout Cretaceous and 

* “Geology of the Hydrographic Basin of the Upper Santa Ynez River,” Bull Dept. 
Geol. Sci., Vol. XV, No. 10 (1925); see map at end of paper 
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Tertiary times. Thus, on one of the small blocks between the San 
Marco and Little Pine faults and at the head of Happy Canyon, the 
Fernando formation is resting unconformably upon beds of Creta- 
ceous age; whereas, toward the north of the fault the Temblor (Mio- 
cene) deposits rest unconformably upon the Franciscan series. A 
little southeast of this block and between the same two faults is a 
block of Franciscan unconformably overlaid by the Meganos (Eo- 
cene). Still farther southeast, near the head of Loma Alta Canyon, 
the Meganos beds rest unconformably upon the Franciscan series, 
while on the south side the Franciscan series is overlaid by a con- 
siderable thickness of Cretaceous and Temblor (Miocene) deposits. 
This evidence goes to show that these faults were in existence in pre- 
Eocene time. 

27. Santa Clara fault'.—Pre-Pliocene in age. A great thickness 
of Pliocene-Pleistocene beds on the north side of the fault which is 
cut off abruptly at the fault indicates a fault trough here during 
Pliocene time. 

28. Santa Rosa fault—Pre—Lower Miocene. This fault, which is 
along the north side of Simi Valley, marks some very important 
changes in sequence and thickness of the formations. West of Simi 
Valley the lavas of the Vaqueros, several thousand feet thick, are cut 
off rather abruptly at the fault, and only a thin veneer of these rocks 
is found north of the fault. Apparently the lavas were originally 
banked up against the fault. East of Simi Valley the Middle and 
Lower Miocene are represented on the north side of the fault, but on 
the south side marine Pliocene beds rest unconformably upon the 
Eocene deposits. From these two occurrences it may be judged that 
the fault is at least pre-Lower Miocene in age. 

29. Santa Susana fault.—Pre-Upper Miocene in age. East of the 
Santa Susana fault there are several thousand feet of Lower Miocene 
and Upper Miocene deposits which have a northwest-southeast 
strike. On the west side of the fault there are no Upper Miocene 
beds, and the formations, including Cretaceous, Eocene, Lower Mio- 
cene, and Pliocene, have an east-west strike. 

30. Simi fault.—Pre-Miocene in age. The overlap of the Topango 
deposits (Middle Miocene) around the west end of the Simi Hills 


* The Santa Clara fault equals the Oak Ridge fault of Kew. 
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block, and around the south side of the block on to the northward- 
dipping Cretaceous deposits, shows conclusively that the block had 
been tilted in pre-Middle Miocene time. The Simi fault is partially 
buried by the Topango deposits. Faults Nos. 27, 28, 29, and 30 come 
within the area described by Dr. Kew.’ 

31. Santa Monica fault-—Pre—Upper Miocene in age. The big un- 
conformity between beds of Middle Miocene and Upper Miocene age 
points to the early tilting of the Santa Monica block; also, the over- 
lap of the upper Miocene beds back onto the granites in the eastern 
portion of the mountain range bears this out. The tilting of the 
block was on the Santa Monica fault, which must have existed at 
least not later than Middle Miocene time. 

32. Whittier fault—Pre-Miocene in age. The sudden thickening 
of the Pliocene deposits on the south side of the fault along the north 
side of the Santa Ana plains, and the fact that they are shore-line 
deposits, show quite conclusively that the Miocene beds, which form 
most of the Puente Hills, were uplifted along that fault line before 
Pliocene time. This indicates that the fault existed in pre-Pliocene 
time. East of where this relationship is found there is a wedge of 
highly folded Cretaceous, Eocene, and Miocene deposits between the 
Whittier fault and the Christianitos fault. Just north of this wedge, 
and on the north side of the Whittier fault, the Miocene deposits rest 
unconformably upon granites. The fact that the Cretaceous and 
Eocene beds are cut off abruptly at the fault is evidence of the pre- 
Miocene age of the faulting. 

33. Inglewood fault.—Pre-Miocene in age. On the south side of 
the Inglewood fault,’ wells penetrate the Franciscan at a depth of be- 
tween 3,000 and 4,000 feet. They go through Pleistocene, Pliocene, 
and Miocene deposits. On the north side of the fault the Pliocene is 
over 5,000 feet thick, and it is only in the immediate vicinity of the 
fault that any wells have penetrated the Miocene beds. This evi- 
dence shows conclusively the pre-Pliocene age of the faulting, and 
points to a pre-Miocene age. 

'W.S. W. Kew, ‘Geology and Oil Resources of a Part of Los Angeles and Ventura 
Counties, California,” U.S.G.S. Bull. 753; see geol. map, PI. I. 

? Walter English, ‘‘Geology and Oil Resources of the Puente Hills Region, Southern 


California,” U.S.G.S. Bull. 658; see Pl. I. 
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34. San Pedro fault.—Pre-Pliocene in age. There is a rather com- 
plicated zone of faulting along the west side of the San Pedro Hills. 
On the San Pedro Hills block there is only a thin veneer of Miocene 
beds, upon which rest beds of Lower Pleistocene age (Arnold’s San 
Pedro—Pliocene). East of this zone of faulting is a great thickness of 
Pliocene beds, which terminate abruptly at the fault. 

35. Elsinore fault.—Pre-Cretaceous in age. On the south side of 
this fault on the tilted Santa Ana Mountain block there are several 
thousand feet of Cretaceous and Miocene deposits. Apparently these 
terminate at the Elsinore fault zone, which, as here defined, includes 
the faulting on both sides of the Elsinore graben. The shore-line char- 
acter of these deposits bears out this conclusion. Thus, it would 
appear that the Elsinore fault was in existence during Cretaceous 
time. 

36. Sierra Madre fault.—Pre-Eocene in age. The coarse fan-glom- 
erates of Eocene and Miocene age, found west of the faults that 
bound the west and south sides of the San Gabriel Mountains area, 
indicate that this faulting was in existence before the opening of the 
Tertiary period. 

37. Soledad fault.—Pre-Eocene in age. The continental deposits 
of great thickness, formed largely of granitic débris, are good evi- 
dence that the faulting between the Elizabeth Lake Mountain block 
on the north and the San Gabriel Mountains on the south existed in 
early Tertiary time. 

SUMMARY 

Over 62 per cent of the known primary faults south of San Fran- 
cisco Bay can be shown to be pre-Pliocene in age, antedating the 
Coast Range revolution which originated in early Pleistocene time. 
Based on the criterion of overlaps, 10.3 per cent of these faults are 
pre-Pliocene in age, 20.6 per cent pre-Miocene (5 per cent pre 
Middle Miocene and 15.6 per cent pre-Lower Miocene), and 6.8 per 
cent pre-Eocene. Using the criterion of great thickness of sediments 
abruptly cut off and folded against the faults, many of these faults 
are pre-Cretaceous in age. The large percentage of faults that can be 
dated back to pre-Upper Miocene time is the result of the general 
overlapping conditions that existed in the latter part of the Upper 


Miocene. This was the greatest period of inundation in middle and 
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southern California of which we have a record during Tertiary 
times. Most of the positive blocks that had previously stood out as 
insular masses were covered at that time. 

It is the writer’s opinion that all the primary faults are pre-Creta- 
ceous in age. This is based upon the fact that over 62 per cent of the 
known primary faults can be shown to antedate the Coast Range 
revolution, and that there is no evidence of sufficient compression 
between the end of the Sierra Nevada revolution and the beginning 
of the Coast Range revolution to have produced primary faulting. 
In many basins all the formations, including those of the Cretaceous 
and Tertiary, are conformable. None of the structural unconformi- 
ties found in these series of deposits can be traced any great distance; 
all are local and are invariably found in the vicinity of primary 
faults. Some of these unconformities'—for example, that between 
the Modello and Topanga formations on the north side of the Santa 
Monica Mountains—may be accounted for as the result of tilting 
rather than of folding. Some folding took place along some of the 
primary faults; this, however, was insignificant compared to that 
which occurred at the time of the Coast Range revolution. 

Another point that has a bearing on the problem of the age of the 
faulting is that the individual faults belong to one of two systems. 
The close relation of the faults in each system to one another, as 
shown by the manner in which they join, is taken as evidence that 
the faults of each system originated at the same time. This is espe- 
cially true if the shear theory for their origin is accepted. 

'H. W. Hoots, “Geology of the Eastern Part of the Santa Monica Mountains, Los 


\ngeles County, California,” Prof. Paper U.S. Geol. Surv., No. 165C (1931), p. 102. 











STRUCTURAL GEOLOGY IN THE VICINITY 
OF TICONDEROGA, NEW YORK 


A. C. SWINNERTON! 
Antioch College 
ABSTRACT 

Pre-Cambrian and early Paleozoic rocks in the Champlain Valley and the adjoining 
Adirondack Mountains near Ticonderoga are involved in an intricate system of normal 
faults. The stratigraphic units are described briefly, and the structures are analyzed in 
some detail. 

INTRODUCTION 

The Champlain Valley has been the site of many classic paleon- 
tologic and geologic investigations from the earliest days of New 
York State and New England geology. Kemp and Newland, Cush- 
ing, Brainerd and Seely, Walcott, Ulrich, Raymond, Ruedemann, 
Alling, Gordon, Keith, Ogilvie, Hartnagel, and others have worked 
in the general vicinity of Ticonderoga in comparatively recent years. 
The general stratigraphic relations are well known as shown by the 
early township maps of Kemp and Newland and by the recent map 
compiled by Hartnagel for the New York-Vermont Bridge Com- 
mission. However, these maps do not attempt to indicate the nu- 
merous faulted structures. The areal geology of the Saratoga region 
is the nearest detailed mapping of the Paleozoic rocks to the south, 
while the Port Henry quadrangle and the Paradox Lake quadrangle, 
adjoining on the north and west, are concerned largely with pre- 
Cambrian rocks. 

The region mapped in detail by the two Harvard camps lies in a 
strip occupying parts of the western halves of the Ticonderoga and 
Whitehall sheets. Over 100 square miles lie in this area. In terms 

' The students of the Harvard Summer Schools of Field Geology, 1926 and 1930, 
mapped the region of pre-Cambrian and Paleozoic rocks in the vicinity of Ticonderoga, 
New York. The writer was in charge of the two camps and directed the field work. 

Although it is scarcely possible to assign accurately credit in each instance for the 
discovery and recognition of new structures or relations, the writer wishes to record his 
indebtedness to the members of both camps for much of the information included in this 


report, 
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of geology the area occupies the border zone between the Adirondack 
mass and the westernmost of the overthrust sheets of the Taconic— 
Green Mountain complex. 


PRE-CAMBRIAN ROCKS 

Granite-syenite gneiss.—Pre-Cambrian rocks occupy approximate- 
ly half the area. The largest proportion of these is the granite- 
syenite gneiss so commonly known in Adirondack literature. The 
rock is ordinarily light gray-green in color, but is not consistently 
so and may be reddish in some places and in others dark green. 
The principal constituents, as described from Mt. Defiance by Kemp 
and Newland,’ are microperthite, augite, hornblende, hypersthene, 
and quartz. In places quartz is present in abundance; in other places 
it is scarce, but is rarely absent altogether. Biotite is common, and 
garnet is a common but highly variable accessory. The degree of 
foliation is likewise variable. In some localities it can scarcely be 
determined superficially; in other places hornblende and biotite 
form marked metamorphic laminae. 

Grenville series.—In scattered areas with very irregular and some- 
times very indefinite boundaries occur the crystallized limestones 
and gneisses of the Grenville series. Where contacts can be observed, 
the granite-syenite gneiss is intrusive into the Grenville. The prin- 
cipal Grenville areas are five in number if an occurrence near Hague, 
New York, which barely adjoins the mapped area, be excluded. 
The locations are indicated on the geological map, Figure 1. 

Recrystallized limestones, with and without scattered, rounded 
quartz grains, and ophicalcites* are abundant. Gneisses and schists 
of various kinds, some of which appear to have been quartzites, 
are associated with the limestones and belong in the Grenville series. 
Graphite is usually present in the limestones, and may be seen in 
some of the schists and gneisses. Abandoned graphite workings are 
located in practically all the Grenville occurrences. 

An especially good exposure of both limestones and crystalline 

' J. F. Kemp and D. H. Newland, ‘‘Preliminary Report on the Geology of Washing- 
ton, Warren, and Parts of Essex and Hamilton Counties,” V.Y. St. Geol. Ann. Rept. 17 
(1899), Pp. 511. 

2J. F. Kemp, ‘‘Crystalline Limestones, Ophicalcites, and Associated Schists of the 
Eastern Adirondacks,” Bull. Geol. Soc. Amer., Vol. VI (1895), pp. 241-62. 
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schists is to be found in the cuts made by the new state highway 
north of Putnam. 

Numerous pegmatite dikes and basic intrusives of various types 
and sizes are probably pre-Cambrian in age, since only one dike has 
been found cutting the Paleozoic rocks in the region of Ticonderoga. 

Pre-Potsdam topography.—The pre-Potsdam topography suggest- 
ed by the unconformity between the pre-Cambrian and the oldest 
Paleozoic rocks is one of relatively low relief in most parts of the 
area. Van Ingen" notes a similar situation farther north. Ogilvie? 
and Kemp’ contend the evidence suggests mature topography in the 
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Fic. 2.—Geologic section along line indicated on geologic map, Fig. 1 





western part of the Ticonderoga quadrangle and in the Paradox 
region. The coincidence of pre-Cambrian—Potsdam contacts with 
faulting is so frequent that the ancient topography can be recon- 
structed only with great difficulty and considerable guesswork. 


PALEOZOIC ROCKS 


Potsdam sandstone.—The Potsdam sandstone is a formation of 
traditional importance in Adirondack geology. Emmons used the 
term, and it became involved in the famous Taconic controversy. 
More recently Walcott, Kemp, Cushing, and Van Ingen have 
studied the Potsdam formation in the eastern and northern Adiron- 
dack borders and its general characteristics are well described in the 
literature. 

In the Ticonderoga region the basal member of the Potsdam is 
almost universally distinguishable. Arkose, quartz conglomerate, 

t Gilbert Van Ingen, ‘“‘The Potsdam Sandstone of the Lake Champlain Basin: Notes 
on Field Work 1go1,” N.Y. St. Mus. Bull. 52 (1902), p. 542. 

21. H. Ogilvie, ‘Geology of the Paradox Lake Quadrangle, New York,” V.Y. St. 
Mus. Bull. 96 (1905), pp. 465-67. 


3 J. F. Kemp, ‘“‘Physiography of the Eastern Adirondacks in the Cambrian and Ordo- 
vician Periods,” Bull. Geol. Soc. Amer., Vol. VIII (1897), pp. 408-12. 
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and red coloration—any one, two, or all three—are the characteris- 
tics of the basal portion of the quartzite. This member is variable 
in thickness, 25 feet being its probable maximum with 5-10 feet 

showing in most occur- 
rences. 

The basal Potsdam is 
succeeded by the typi- 
cal tan to steel-gray, 
clean, massively bedded 
quartzite. In places 
cross bedding is promi- 
nent, with cut-and-fill 
readily made out. In 
places ripple marks are 
common; usually excel- 
lent specimens when 
they are present. The 
thickness of the Middle 
Potsdam is not easily 
measured. In one place 
it appears to be not 
over 50 feet; in another 
it may be as much as 
250 feet. 

The upper part of the 
Potsdam is likewise vari- 
able. Near Ticonderoga 
it passes into the over- 





lying dolomites through 
Fic. 3.—Probable Grenville gneiss near Putnam, 4 E 
; sage alternations of 2-, 3-, and 
showing complexly contorted foliation. a ; é : 
4-foot beds of quartzite, 
sandy dolomite, and dolomite. This transition occupies 1oo feet. 
Near Putnam the transition beds are much less massive; the sand- 
stones are weakly cemented with dolomite and are intercalated 
with less sandy dolomites and less dolomitic quartzites. Individual 
beds are frequently less than 1 foot thick, while the total thickness 


of the Upper Potsdam is probably under 50 feet. 
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Nowhere in the Potsdam were fossils found by members of the 
Harvard summer camps. 

Beekmantown.—The upper beds of the Potsdam merge into the 
lower beds of the Beekmantown. It is impossible to draw a precise 
line of demarkation. The best section is exposed in two quarries 
near the road from Ticonderoga 
to the fort about 1 mile south- 
east of Mt. Hope. The measured 
section in the lower quarry is 
separated by about 75 vertical 
feet from the basal Potsdam and 
pre-Cambrian outcrops across 
the river. The two quarries are 
separated by a 60-foot interval. 
The measured sections may be 
generalized as shown in Figure 5. 

It is probable that the lower 
part of the upper quarry, i.e., 
the rocks below the marked shale 
parting, corresponds to Brainerd 
and Seely’s' division A of the 
Shoreham section. Above the 





shaley layer is the ‘“‘dove”’ lime- 


Fic. 4.—Pre-Cambrian—Potsdam un 


stone of their division B. conformity near Putnam. The rock above 
The dip of the beds is less than _ the unconformity is massive conglomera 
10° north and this dip continues — tic quartzite. The rock below is highly 


x a : metamorphosed Grenville (?) similar to 
with variations northward for a 


that shown in Fig. 3. 
considerable distance. Scattered 
outcrops permit only a generalized section to be determined. The 
upper beds agree with Brainerd and Seely’s upper divisions of the 
Beekmantown. 

No fossils other than fucoids were found except in an exposure of 
the Upper Beekmantown in the bottom of a brook about 3 miles 
north of Ticonderoga. Here fossils of division D were collected from 


dark calcareous shale. 


* Amer. Mus. Nat. Hist. Bull., Vol. UL (1890), p. 2. 
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Ulrich and Cushing’ considered the Mt. Hope (Ticonderoga) sec- 
tion the equivalent of the Hoyt limestone of the Saratoga section, 
i.e., the Lower Beekmantown (of Brainerd and Seely) overlying the 
transition beds from the Potsdam. The section on Mt. Hope pub- 
lished by Ulrich and Cushing is separated stratigraphically by 240 
feet from Middle Potsdam. In the quarry sections, cited earlier, the 
separation of the base of the Beekmantown from gneiss is less than 
200 feet. Either the quarry section is diminished by faulting, or the 
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RATA 3 {ect of thin-bedded red arkose (Lower Potsdam) over gneiss 


Fic. 5.—Section near Ticonderoga, New York 


Potsdam is rapidly increased in thickness in a fraction of a mile, 
if the Mt. Hope section is to be considered as the Hoyt. The first 
alternative is probably correct (Brainerd and Seely show a fault east 
of Mt. Hope on their map of Fort Ticonderoga and vicinity)? but 
the relations of the Mt. Hope section and the quarry sections merit 
further careful study. 

Chazy.—Nowhere in the Ticonderoga region is the contact of the 
Beekmantown and Chazy exposed. The Chazy is to be seen, how- 
ever, north of the Beekmantown section, described above, with ac- 


1N.Y. St. Mus. Bull. 140 (1910), pp. 103-5. * Op. cit., p. 7. 
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cordant dip and strike, separated by a vertical interval of perhaps 
100 feet from the black limy shale of the Upper Beekmantown. 

The Chazy here is blue-gray limestone, light colored on the 
weathered surface, dark within. In places, large numbers of Maclur- 
iles magnus are exposed on the weathered surfaces. An Orthoceras is 
also present. 

The north end of the section is terminated by a fault. There may 
be as much as 300 feet of Chazy but 4o feet are all that are exposed. 
| Undetermined but great thickness of gray-black calcareous shale with graptolites 


Faulted interval 


Over 150 feet of calcareous, unfossiliferous black shale 


== 


MITT 
| 





15 feet gray-black, thin-bedded Trenton limestone, very fossiliferous 





60 feet blue-gray and buff-gray limestones (weathering light gray) including Black River 
and probably Lowville and uppermost Chazy 


we se feet black non-calcareous shale 


Base unexposed and terminated by a fault 


Fic. 6.—Section near Larrabees Point, Vermont 


At the south end of Larrabees Point a small exposure of blue-gray 
limestone with an undeterminable (probably small) thickness of 
black non-calcareous shale may represent the uppermost Chazy. 

Black River, Lowville, and Trenton.—These formations are no- 
where found in uninterrupted succession in the Ticonderoga region. 
At Larrabees Point, Trenton limestone, recognized by its fossils, 
passes downward into unfossiliferous gray-blue limestone, and the 
exposed section ends with a few feet of black, non-calcareous shale. 
The lower part of the section, measuring approximately 60 feet, 
probably includes Lowville and the uppermost part of the Chazy, 
but no accurate determination could be made. Across a small inlet, 
in rocks which should normally be the downward continuation of 
the section graptolites of the Trenton shale are abundant. Hence a 
fault must intervene (see Fig. 6). 
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Opposite Larrabees Point on the Pell estate adjoining the Fort 
Ticonderoga grounds, are found steeply dipping Black River rocks. 
They are separated from the Beekmantown to the south and west 
by a fault and from the Trenton limestones to the north by a con- 
siderable area in which no outcrops were found. 

North of Ticonderoga approximately 33 miles, Black River fossils 
are found in northeasterly dipping strata which are again isolated 
from other rocks by faults. 

Dike rocks.—The only Paleozoic or post-Paleozoic igneous rock 
in the area was found in a dike about 4 feet wide, exposed for a 
distance of 15 feet, near Chittenden Mill, about 13 miles west of 
Orwell, Vermont. It is of the basaltic type described by Kemp and 
Marsters’ and cuts the disturbed limestones above the “‘great fault,”’ 
the westernmost of the overthrusts of the Taconic-Green Mountain 
structures. 

STRUCTURE 

Introduction. Three principal fault systems traverse the Ticon- 
deroga area with a general north-south strike. The westernmost of 
these will be called the Street Road fault. It is, for some distance, the 
eastern boundary fault of the Adirondack massif. The Fort Ticon- 
deroga fault, recognized by Brainerd and Seely’ is not an isolated 
fault but a member of an intricate system. The third zone is that 
connected with overthrust faults on the eastern side of the region. 

Street Road fault.—The east face of Dibble Mountain marks the 
northern end of the Street Road fault. Southwestward the fault- 
trace can be followed by scattered outcrops close to the state high- 
way as far as Street Road. From Street Road the fault runs due 
southward. A branch of the Street Road fault has depressed the 
Potsdam sandstone in Trout Brook Valley. Beyond the mouth of 
the valley the other branch continues along the east face of Cooks 
Mountain to Lake George 

At the northern end of the fault the Chazy is in close proximity 
to the pre-Cambrian. ‘The base of the Chazy is approximately 2,000 
feet above the pre-Cambrian. ‘To this figure should be added about 


J. F. Kemp and V. F. Marsters, ‘““The Trap Dikes of the Lake Champlain Region,” 
U.S. Geol. Surv. Bull. 107 (1892 


20d. cu., p. 7 
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800 feet representing the present difference in elevation. Hence the 
minimum estimate for the throw of the Street Road fault is close to 
3,000 feet. This figure allows nothing for erosion of pre-Cambrian 
from the uplifted block. 

Fort Ticonderoga fault system.—An actual exposure of the Fort 
Ticonderoga fault can be found readily in the railroad cut at the 
north end of the tunnel near the old fort. Minor faults, drag, breccia 
zones, together with the proximity of Middle Beekmantown to 
Black River, indicate the presence of a fault of considerable magni- 
tude. The major breccia zone strikes N. 15° W. and dips approxi- 
mately 50 NE. Although the dip of the breccia is low, all other 
evidence indicates that the fault is a normal fault. 

The fault zone may be traced northward without great difficulty 
by means of steeply dipping outcrops and hillocks of brecciated rocks 
which occur along the top of the low terrace on the west shore of 
Lake Champlain for a distance of 4 miles. The rectilinear character 
of the shore line in the vicinity of Five Mile Point suggests that the 
fault crosses the lake at that point, but such a conclusion is wholly 
conjectural. 

In the vicinity of Fort Ticonderoga the fault zone is broken into 
three branches. The principal line cuts southeastward and bounds 
Mt. Independence on the east. A branch probably extends from Mt. 
Independence northward in Lake Champlain cutting off the Black 
River and Lowville outcrops north of the fort from the Trenton 
shales south of Larrabees Point. The third branch connects the 
Fort Ticonderoga fault with the east boundary fault of the Mt. 
Defiance ridge. This in turn sends a branch northwestward toward 
the east side of Mt. Hope. The exact line of this branch fault cannot 
be followed north of the Ticonderoga River, but there is an obvious 
discrepancy, noted earlier, between the Mt. Hope rocks and the 
quarries a half-mile east. 

The main Ticonderoga fault, passing east of Mt. Independence, 
appears to branch again southward. Chipmans Point seems most 
reasonably explained as a slightly tilted block, bounded both east 
and west by normal faults. The east branch follows the lake south- 
ward branching into Mill Bay near Putnam Station. A fault is plain- 
ly made out at the foot of the scarp on the west side of the lake just 
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south of Wright. It may be traced almost continuously in a south- 
westerly direction past Putnam for nearly 6 miles. During much of 
this course it brings up pre-Cambrian on the west side of the fault 
against both the Potsdam and the Ordovician limestones on the 
east. 

Two miles south of Wright a flaw branches westward elevating 
an island of pre-Cambrian gneisses surrounded by Paleozoic quart- 
zites and limestones. Near Putnam the faults are multiplied in num- 
ber and form a flaw zone of some complexity. The principal branches 
extend southward into the pre-Cambrian rocks 

The fault which bounds the Mt. Defiance ridge on the east can 
be traced southwestward from the north end of the ridge for a dis- 
tance of nearly 7 miles. Beyond this it appears to extend along the 
south fork of Sucker Brook and to split around a small exposure of 
Potsdam. 

The amount of displacement in the Fort Ticonderoga system is 
nowhere measurable, because the separation brings pre-Cambrian 
rocks against the Paleozoics over much of the extent of the faults. 
Minimum estimates, which take account only of the differences in 
present altitudes and the stratigraphic thickness of the Paleozoics 
above the pre-Cambrian contact and neglect the amount of erosion 
of the pre-Cambrian rocks, are easy to make. Along the Mt. Defi- 
ance ridge 1,350 feet is the minimum; south of Wright, 800 feet; 
south of Putnam, 700 feet; at Putnam Station, perhaps 1,500 feet. 
At Fort Ticonderoga where Middle Beekmantown comes against 
Black River the displacement is perhaps 1,500 feet, but uncertainty 
as to the thickness of Chazy in the area makes this estimate unreli- 
able. 

Eastern overthrusts.—The eastern zone of faulting—the western- 
most overthrusts of the Vermont structures—-will be mentioned 
only briefly. The fault-trace can be followed in irregular outline on 
the Ticonderoga sheet from the northeast corner, past Shoreham 
and Huffs Crossing, to the shore of Lake Champlain at the southern 
edge of the quadrangle. At three places it is well exposed. Blue 
Ledge is the popular name for the cliffed bluff on the lake 3 miles 
southeast of Chipmans Point. Its name is undoubtedly derived 
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from the color of the intensely sheared blue-black and blue-gray 
Trenton slates which are capped by the massive Lower Ordovician 
limestones. The contact shows the limestones much rolled and 
kneaded; the slates are very fissile. Graptolite-like markings were 
found in the slates at the base of the cliffs some 80 feet below the 
contact. 

At Chittenden Mill the flat thrust is well exposed. The highly 
metamorphosed black shales form the creek bed, and the bluffs on 
both sides are capped by the older limestones which may be recog- 
nized as Chazy by fossils found in the quarry on the hill north of the 
old mill. 

At Huffs Crossing the limestones are highly contorted, but the 
relations to the slates beneath are not clearly visible. 

In general, the outline of the thrust mass is very sinuous with oc- 
casional outliers and windows. No special studies of the fault were 
made except by one student, Mr. J. B. Hadley, who devoted three 
weeks after the closing of the 1930 camp to mapping the area south 
of Orwell. His results showed a very great complexity of structure. 

Age of the faults —Careful attention was directed toward obtain- 
ing evidence which would indicate different relative ages of the nor- 
mal faults, and the relations of the normal faults to the overthrusts 
on the east side of the Champlain Valley. No positive results were 
forthcoming. With one exception the normal faults seem closely re- 
lated and do not come in contact with the overthrusts within the 
region studied. 

The one exception noted is merely suggestive and cannot be re- 
garded as conclusive evidence. At Five Mile Point on Lake Cham- 
plain the shore lines of both sides of the lake are offset along the line 
of an east-west fault, the evidence for which is quite clear in the 
rocks on the west side of the lake. If this line is extended eastward 
it falls between Sisson Hill and Mutton Hill near Shoreham. Both of 
these hills appear to lie on the edge of the overthrust, and the topo- 
graphic expression of the overthrust edge appears to be offset ap- 
proximately along the extended fault line. If this evidence is to be 
considered at all (the degree of its plausibility has already been in- 
dicated), the east-west fault is younger than both the north-south 
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normal faults and the overthrust. Beyond this tenuous conclusion 
no further statement can be made. 

It should be added that the Pleistocene and later materials are the 
only rocks undisturbed by the faults. 


THE STRUCTURAL PATTERN 

General description.—The structure pattern as viewed comprehen- 
sively consists of a succession of curving faults, concave toward the 
west-northwest. Each narrow block or segment is elevated on its 
eastern edge and slopes downward toward the west. In general, 
however, the altitude of each succeeding block increases toward the 
west. 

If the area be viewed from the northeast, the topographic forms 
show the same relationships. As seen from the vicinity of Bridport 
in Vermont, Dibble Mountain presents a sharp eastern scarp and a 
flat top which descends gently westward. Cooks Mountain stands 
up abruptly toward the east; Mt. Defiance is another cuesta-like 
form, and is succeeded eastward by smaller and lower saw-tooth 
forms—each with a steep eastern face and gentle westward slope. 

As each block is examined more closely it is found that the topo- 
graphic slope is more gentle than the stratigraphic slope. Cooks 
Mountain is bordered on the northwest by a strip of quartzite with 
a dip steeper than the northwest slope of Cooks Mountain. South 
and southwest of Wright, faults have elevated the pre-Cambrian; 
on the back (northwest) slope of the block is found the contact with 
the Potsdam which follows a line roughly concentric with the fault 
bounding the block on the east and south. Near Putnam and Put- 
nam Station both a minor fault and the easternmost branch of the 
Fort Ticonderoga fault bring pre-Cambrian to the surface. In each 
case the normal stratigraphic succession is found on the west slope 
of the block with the contacts paralleling roughly the boundary 
fault of the segment. 

The topographic expression is probably a normal reaction of ero- 


sion agents to very resistant materials in the case of most of the 
pre-Cambrian rocks and the Potsdam quartzites. The limestones, 
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in general less resistant, do not show the same forms so markedly. 
Glaciation probably aided in the development of the sloping-block 
profile, but cannot be considered as the principal agent. 

Other areas.—The same type of structure is found in the Port 
Henry region which adjoins the Ticonderoga quadrangle on the 
north. Two cross-sections accompanying the geologic map by Kemp 
and Ruedemann! show it well. Farther north, judging from the pub- 
lished maps and sections, the fault pattern is more nearly a mosaic 
of blocks. 

To the south of Ticonderoga the nearest detailed areal and struc- 
tural studies are in the Saratoga Springs region. The pattern of the 
Adirondack boundary faults is similar to the Ticonderoga region, 
and the sloping-block structure can be made out from the geologic 
cross-sections and is vividly shown in the block diagram.’ 

In the Mohawk Valley west of Saratoga the structural outline is 
excellently presented on Darton’s map.* The lines of faulting extend 
in curving paths from the south-southwest northward into the 
Adirondack mass. Each fault raises the pre-Cambrian at the east 
side of the block. The westward topographic slope here also is more 
gentle than the normal stratigraphic dip. The only difference be- 
tween the fault patterns of the Ticonderoga region and the Mohawk 
Valley lies in the general orientation of the faults to the Adirondack 
massif. Near Ticonderoga the faults are roughly parallel to its 
boundary; in the Mohawk Valley they cross and offset its bound- 
aries. 

The meaning of this structural type in its distribution and rela- 
tion to the Adirondack Mountains is beyond the scope of the pres- 
ent paper which deals with the details of a small area. The gen- 
eralized facts and the obvious conclusions, largely negative, have 

‘J. F. Kemp and R. Ruedemann, ‘“‘Geology of the Elizabethtown and Port Henry 
Quadrangles,” V.Y. St. Mus. Bull. 138 (1910). 

2H. P. Cushing and R. Ruedemann, ‘“‘Geology of Saratoga Springs and Vicinity,” 
N.Y. St. Mus. Bull. 169 (1914), p. 55- 


3N. H. Darton, “‘A Preliminary Description of the Faulted Region of Herkimer, 
Fulton, Montgomery and Saratoga Counties,’ V.Y. St. Geol. Ann. Rept. 14 (reprint 
dated 1896), pp. 31-53. 
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been presented elsewhere. The writer’s present views regard the 
normal faults near Ticonderoga as unrelated genetically to the struc- 
tures on the east side of the Champlain Valley. The possibility 
cannot be disregarded that the faults, although referred to as nor- 
mal in type, are upthrusts related in some way to the Paleozoic or 
later growth of the Adirondacks. Further investigation with this 
hypothesis in mind is manifestly necessary to supplement the know]- 


edge of Adirondack orogeny. 


t A. C. Swinnerton, “Block Fault Structures near Ticonderoga, New York” (ab- 
stract), Bull. Geol. Soc. Amer., Vol. XLII (1931), p. 202. 

















MOUNT SHASTA, A CASCADE VOLCANO 
HOWEL WILLIAMS 
University of California 
ABSTRACT 


Mount Shasta is a typica] strato-volcano, principally composed of andesitic and 
basaltic lavas with only minor flows of dacite. It had almost attained its present eleva- 
tion when a north-south fissure opened on its flanks. Eruptions from this fissure built 
up a line of cinder cones and steep-sided plug domes. At about the same time, an east 
west fissure opened, the two intersecting at the summit of Shasta. On this second 
fissure rose the large parasitic lava cone of Shastina, the Jater activity of which was 
marked by the explosion of nuées ardentes and the rise of a plug into the crater, and was 
culminated by extensive lava flows from fissures far down the flanks. Possibly the plug 
dome of Black Butte, at the west base of Shastina, rose during this period of activity. 
The final explosions from the vent of Shasta itself, which cannot have occurred more 
than a few centuries ago, left a thin mantle of pumice over the entire mountain. Now 
only a single, feebly flowing, hot acid spring remains of the formerly large solfataric 
region about the summit. 


LOCATION 

There is no landmark in the whole of California more conspicuous 
than the glacier-mantled peak of Mount Shasta, rising in solitary 
magnificence to a height of 14,161 feet, no less than 10,000 feet 
above the country at its base. Lassen Peak, the southernmost of 
the Cascade Chain of volcanoes, to which Shasta belongs, stands 80 
miles to the southeast, and between are the lesser cones of Magee 
Peak and Burney Mountain. Eighty miles to the north, beyond 
Mount Pit, lies Crater Lake, and beyond this in turn extends a long 
line of giant cones, including the Three Sisters and Mounts Jeffer- 
son, Hood, Adams, St. Helens, Rainier, and Baker. Westward the 
lavas of Shasta end abruptly against a complicated group of sedi- 
ments and intrusive rocks that build the high and rugged Klamath 
Mountains; eastward, on the contrary, the Shasta lavas merge into 
the broad, undulating Interior Platform, which here comprises the 
Modoc Lava Beds, a region made up primarily of Recent and 
Pleistocene andesites and basalts with minor acid flows and sheets of 
pumice." 

«M. A. Peacock, ‘“*The Modoc Lava Field, Northern California.”’ Geog. Rev., April, 


[931, Pp. 259-75. 
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BEDROCK 

The region immediately to the south of Shasta is composed prin- 
cipally of mudstones, slates, and limestones which range in age from 
Devonian to Jurassic and strike in general toward the north-north- 
east. Interbedded with these sediments are extensive volcanic de- 
posits, and intruded among them are large bodies of both acid and 
basic plutonic rocks." A somewhat similar assemblage has lately 
been described from the country at the western foot of Shasta, where 
gabbros, peridotites, and serpentines predominate.? On Quail Hill, 
near Mount Shasta City, and at many points along the southern 
foot of the volcano, the Shasta lavas rest upon unfossiliferous, blue- 
black mudstones of doubtful age (possibly part of the Pit formation, 
Triasssic, or the Bragdon, Mississippian). Along the eastern side 
of the volcano, the bedrocks are entirely concealed, and indeed they 
are only to be seen at one point along its northern base, namely, 
at Haystack Butte, 9 miles northeast of Weed where bluish quart- 
zites, of unknown age, accompany coarse-grained quartz monzonites, 
rich in hornblende and biotite. 

The foregoing complex of rocks undoubtedly forms much of the 
foundation upon which Mount Shasta is built. However, the west- 
ern part of the volcano may rest upon shallow-water sediments of 
Cretaceous (Chico) age, for such deposits outcrop near Yreka, only 
a few miles distant (map, Fig. 1). 

All these bedrocks had probably been reduced to a surface of low 
relief during the early Tertiary period, prior to the commencement 
of volcanic activity. 

AGE OF THE VOLCANO 

Diller’ has shown that the Klamath Mountains suffered pene- 
planation and were then uplifted, in places as much as 7,000 feet, 
before the deposition of the Auriferous Gravels by the rejuvenated 
streams, and if his suggestion be valid that this uplift is coeval with 

tJ. S. Diller, The Redding Folio (U.S. Geol. Surv., 1906). 


2C. V. Averill, ‘Preliminary Report on the Economic Geology of the Shasta Quad- 
rangle,” Mining in Calif., Report 28 of State Mineralogist, Vol. XXVII (1931), pp. 3-25. 


§“Tertiary Revolution in the Topography of the Pacific Coast,” Fourteenth Ann. 
Rep. U.S. Geol., Surv. Part If (1893), pp. 403-34; ‘“Topographic Development of the 
Klamath Mountains,” Bull. U.S. Geol. Surv. 196 (1902), pp. 1-60. 
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that in the Sierra Nevada, the disturbance may date back to the 
Miocene or Oligocene. Many subsequent movements in the Klamath 
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Fic. 1.—Sketch map of southern Oregon and northern California, showing the 
relations between the mountain groups; also the position of Mount Shasta. (Modified 
from Diller, U.S.G.S. Bull. 196 [1902], Plate I.) The Coast Ranges chiefly composed of 
Jurassic (Franciscan) and Cretaceous rocks; the Sierra Nevada and Klamath moun- 
tains of Paleozoic and Mesozoic sediments intruded by abundant masses of igneous 
rocks, chiefly serpentines, gabbros, and granodiorites; the Interior Platform chiefly 
of Recent and Tertiary basalts; the Cascade Range chiefly of Recent and Tertiary 
andesites, dacites, and basalts; the Sacramento Valley of Recent sediments. 


region are well reflected in its river terraces. But even if these move- 
ments initiated volcanic activity in the Shasta region, a supposition 
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beyond proof, the principal eruptions belong to a much later date. 
When one considers that the major volcanic features of the Lassen 
Peak area, including the deeply dissected cone of Brokeoff Moun- 
tain, have been built since Upper Pliocene times, it seems unlikely 
that the exposed lavas of Shasta can be older. On the other hand, 
the great cirques on the flank of Shasta suggest that the main cone 
had already grown to its present height before the close of the Pleis- 
tocene glaciation. The subsidiary cones are clearly more recent, 
while the latest eruptions may have taken place no more than a 
few centuries ago. it may well be that the volcano seen in eruption 
by the explorer, La Perouse, in 1786, was Mount Shasta, as R. H. 
Finch has suggested." 


VOLUME AND FORM 


Wherever they outcrop at the foot of the mountain, the bedrocks 
stand at elevations of between 3,600 and 4,500 feet, and one may 
therefore assume the cone of Shasta to be about 10,000 feet high. 
Its diameter is approximately 17 miles. Hence, making due allow- 
ance for irregularities of form, it may be estimated that the volume 
of the mountain is about 80 cubic miles. 

The illustrations in this paper, together with those accompanying 
Diller’s original accounts,” serve to indicate the general form of the 
volcano. It consists of two major cones, that of Shasta itself and the 
younger, parasitic cone of Shastina (12,433 feet) on its western 
flank. Apparently a long north-south fissure passes through the 
summit of Shasta and determines the position of a group of minor 
cinder cones and lava domes. Toward the south, the long slope of 
Shasta gradually ends against a low, broad shield volcano of Hawai- 
ian type upon the summit of which lies a ruined cinder cone. Final- 
ly, at the western base of Shasta, rises the impressive, conical peak 
of Black Butte, a talus-covered plug dome, almost a mile in diameter 
and 2,500 feet high. 

The angle of slope of Shastina departs but little from 35°, but 


' Volcano Letter, No. 308, November 21, 1930. 


2 “Mount Shasta, a Typical Volcano,” Nat. Geogr. Soc. Mono., Vol. I, No. 8 (October, 
1895), pp. 237-68; ‘‘Mount Shasta, Some of Its Geologic Aspects,’’ Mazama, Vol. IV, 


No. 4 (1915), pp. 11-106. 
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that of Shasta diminishes more or less gradually from this angle 
near the summit to about 5° at the base. While this concavity in 
the slope of Shasta is due in part to the presence of glacial cirques 


















































above 8,o00 feet and to the heavy mantle of glacial débris and of 
mud-flow deposits at lower levels, it results primarily from the 
greater viscosity of the final products of eruption, so that the latest 
lavas were piled up close to the central vent. 
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SUMMARY OF GEOLOGICAL HISTORY 
THE MAIN CONE—-SHASTA 

Of the early stages of growth of Shasta nothing is known, for 
even the deepest canyon, that of Mud Creek, cuts but 1,500 feet 
into the sides of the cone. Excepting the thick beds of tuff breccia 
in the walls of Mud Creek Canyon, apparently the deposits of vol- 
canic mud flows, pyroclastic deposits are extremely rare and are 
restricted to the upper parts of the cone. From the available evi- 
dence it appears that Shasta had grown almost to its present height 
simply by eruptions from a single, central vent before the parasitic 
craters mentioned below had commenced activity. The earliest 
flows, which must have been quite fluid are now poorly exposed 
around the base of the cone. They are dark, vesicular, andesitic 
basalts, rich in pyroxene and porphyritic feldspar. These were suc- 
ceeded first by slabby and platy pyroxene andesites, heavily charged 
with basic inclusions, then by a small flow of hornblende-mica da- 
cite, and by dense, pale-gray pyroxene andesites that now form most 
of the southwest part of the cone, between 5,000 and 10,000 feet. 
The summit pyramid of Shasta is composed principally of dark- 
reddish and black, coarsely porphyritic, glass-rich pyroxene ande- 
sites with pronounced basaltic affinities, associated with flows of 
hornblende-pyroxene andesite, while the actual pinnacle of the cone 
is made up of intensely solfatarized, brown pyroxene dacite. Many 
of these later flows are short and stumpy, their snouts forming a 
series of high cliffs or “‘steps,’”’ one above the other. The final ex- 
plosions from the Shasta vent produced the Red Banks (familiar to 
climbers ascending from the south), a thick deposit of hypersthene 
andesite-pumice, crowded with large bombs and lapilli, mantling 
the cirque heads immediately beneath the summit. Probably the 
pale-brown dust and pumice that veneer almost the entire cone of 
Shasta are also the product of these last explosions, which cannot 
have occurred more than a few hundred years ago." 


THE NORTH-SOUTH FISSURE 


Five craterless plug domes, two cinder and one lava cone lie on 
this fissure. All of them have suffered considerably from the effects 


* For a description of the pumice see A. Hague and J. P. Iddings, Amer. Jour. Sci., 
Vol. XXVI (3d ser., 1883), pp. 226-30. 

















of glaciation, but their precise order of 
eruption cannot be determined. Among the 
domes, the largest is Gray Butte, measur- 
ing approximately 2 miles by 1, and rising 
about 1.500 feet above the surrounding 
lavas. From a distance it appears to be 
made up entirely of blocky talus, in this 
respect closely resembling the dome of 
White Mountain, near Lassen Peak.' Even 
on close inspection ‘‘solid”’ rock is seen to 
be restricted to a few crags of pale, struc- 
tureless andesite, thinly sprinkled with 
dark, basic inclusions, the bulk of the dome 
being littered with angular fragments. At 
the southwest margin of the mass, there 
are clifis of unbedded breccia, composed 
of blocks up to a yard in diameter lying in 
a sandlike, tuff matrix, possibly a bréche 
d’écroulement or talus, similar to that which 
encloses the Puy de Déme, in the Auvergne. 
It appears to be due to break-up of the 
lava during emplacement. 

Concerning the two smaller domes to 
the south of Gray Butte there is little to 
be said; all that can be seen through the 
thick cover of drift and brush are a few 
crags of pale-gray, almost pumiceous ande- 
site, devoid of flow banding. The remaining 
dome lies on the north side of Shasta. It is 
indeed a twin dome, similar in many re- 
spects to the domes of the Chaos Crags, 
near Lassen Peak. The summit of this twin 
dome bristles with structureless monoliths 
that rise through a blocky cover, while 


' H. Williams, ‘““The Volcanic Domes of Lassen Peak 
and Vicinity, California,” ibid., Vol. XVIII (1929), pp. 


313-30. 
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Panoramic sketch of Mount Shasta and vicinity, 
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the solid margins are almost wholly encircled by long banks of talus. 
If the mass rose through an explosion crater, as most domes do, the 
evidence has long since been wiped out by glacial erosion. 

In contrast to the domes just mentioned, which are made up of 
pale-gray, acid andesite, the cinder cones on the north-south fissure 
consist of red, brown, and black scoriaceous lapilli and tuff of 
andesitic basalt. From the bases of both cones, short, sluggish flows 
of vesicular lava were erupted. No trace of the original crater re- 
mains on either cone, powerful glaciers having rounded off their 
summits. A short distance from the north-south fissure, near Red 
Butte, lie the still more denuded remnants of a large cinder cone of 
andesitic basalt. 

Finally, Bear Butte, the southernmost cone on the fissure,-is a 
small, steep-sided hillock, built up primarily of dense, microvesicular 
red and gray pyroxene andesite flows, with only a small proportion 
of explosive ejecta. An irregular summit depression is all that how 
exists of its former crater. Spring Hill, at the southwest base of 
Shasta, is another parasitic cone of this type. 


THE SHIELD VOLCANO OF CINDER CONE 

Six miles south of Shasta rises a low shield of basaltic lava capped 
by the remains of a small cinder cone. All but the latest flows 
from this vent have been glaciated. Compared with the andesites 
of Shasta, these basalts were extremely fluid, and some of the 
youngest flows poured down the old canyon of the Sacramento 
River for a distance of about 40 miles, forming temporary lakes by 
interruption of the drainage. Since then, the Sacramento River has 
cut through the beautifully columnar lavas and in places it aow 
runs more than a hundred feet below their base. 


SHASTINA 

Of all the subsidiary cones on the slopes of Shasta, that of Shas- 
tina is by far the largest. To judge from the perfection of its form 
and its well-preserved crater (Fig. 6), it must be of comparatively 
recent origin. If exception be made of the latest flows of the Shasta 
vent—namely, those below the snout of the Hotlum Glacier—the 
lavas of Shastina are entirely younger than those of the main cone 
and all of them are apparently postglacial. In the col separating 
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Shastina and 
Dome Shasta Diller Canyon Gray Butte 





Photograph, Fairchild Aeria! Surveys, Inc 


Fic. 5—Mount Shasta, with Shastina in front, viewed from above Weed. On the 
right, near the base of the Shasta slope, rises the dome of Gray Butte; on the left, a 
second dome near the northern base of Shasta. The V-shaped gully on Shastina is 
Diller Canyon; to the left of it, several dark streaks just below the snow line represent 
the fissures from which issued the recent flows of block lava that occupy most of the 
wooded country at the northwest base of Shastina. 





Fic. 6.—Looking down into the crater of Shastina from near the summit of Shasta. 
Note the conical block mounds and the dikelike plug within the crater. Note also the 
minor lapilli cone and its crater lying in front of Shastina. In the foreground is the snow- 
covered head of the Whitney Glacier. 
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Shastina from the summit pyramid of Shasta, and perhaps on an 
east-west fissure connecting those two vents, there is a small cone 
of lava and lapilli, part of which has been obliterated by talus from 
Shastina (Fig. 6). 

The crater of Shastina measures about half a mile in diameter 
and is partly infilled by more or less conical mounds of angular 
blocks and by a dikelike plug of hornblende andesite, whereas the 
bulk of the cone is composed of pinkish, pyroxene andesite that dif- 
fers but slightly from the dominant lava type of Shasta. It appears 





Fic. 7.—Mount Shasta and Shastina seen from the northwest. In the middle dis- 


‘ 
tance, to the right, a recent cinder cone, and to the left, a later flow of blocky lava, 
partly cut through by the railway. 


that the rise of the plug into the vent of Shastina was accompanied 
by explosions which breached the western rim of the crater, and it 
may be that the great V-shaped gash, known as Diller Canyon, which 
descends from the notch in the crater rim owes its form in part to a 
downward blast or nuée ardente, such as accompanied the rise of the 
dome and spine into the crater of Mont Pelée. The margins of this 
canyon and the wide expanse of low ground below are thickly cov- 
ered with angular detritus of a hornblende andesite similar to that 
within the crater. 

Shortly after these culminating explosions from the summit of 
Shastina, a small cinder cone was formed at its northwest base and 
a series of fissures opened on the flank of the cone, chiefly at eleva- 
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tions of 3,000-4,000 feet below the crater rim, although the latest 
originated 7,000 feet below. From these fissures immense volumes 
of blocky lava were poured out over an area of about 20 square 
miles. Some of these flows are so excessively rugged and their fronts 
are so steep that one may well suppose them to have been erupted 
no more than a few hundred years ago. Indeed the flows which 
issued from the western base of Shastina and that forming the so- 
called Lava Park on its northwest side are almost entirely barren 
of vegetation. They are fine-grained, dark, pyroxene-rich andesitic 
basalts. 
BLACK BUTTE 

Among the last products of activity in this region must be in- 
cluded the remarkable, conical protrusion of hornblende andesite at 
the western foot of Shasta, a feature arresting attention not alone 
by reason of its strange form and almost perfect symmetry (Fig. 3), 
but also on account of the enormous banks of talus, 2,500 feet high, 
which completely enclose it. An explosion crater, approximately a 
mile wide, was first developed and the surrounding moraines were 
thinly covered with a layer of angular blocks and lapilli; subsequent- 
ly the magma welled up sluggishly into the crater and built an al- 
most vertical-sided plug or dome. As the lava rose, its crust crum- 
‘solid’ core to be 


‘ 


bled continually so that now the only parts of the 
seen rising through the talus are a few structureless crags at and 
near the summit. There can be no doubt that the mode of origin of 
Black Butte was essentially similar to that of many recent plug 
domes, such as that of Tarumai (Japan), Santa Maria (Guatemala), 
and Mont Pelée. That the eruptions were of comparatively low 
temperature is manifest from the absence of bread-crust surfaces on 
the blocks and from the almost unaltered character of the horn- 
blende among the ejecta. 


SOLFATARIC ACTIVITY 


In the crater of Shastina, particularly along its eastern rim, and 
at the summit of Shasta, the lavas have suffered extensively from 
solfataric action, many of them being entirely converted to opal 
and kaolin, in addition to which there are abundant deposits of 
sulphur and gypsum. Throughout the remainder of both cones, 
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however, the signs of former solfataric activity are extremely rare. 
Today, only one hot, acid spring remains, immediately below the 
summit pinnacle of Shasta and presumably on the margin of the 
snow-covered crater, and in dry seasons even the flow from this 


spring is reduced to less than a pint a minute. Readings taken by 
Mr. Edward Stuhl during the last seven summers show that the 
temperature varies irregularly between 162° and 184° F., the boiling 


point at this elevation being about 186° F. The few available rec- 
ords of observation since 1841, when Shasta was first climbed, sug- 
gest that there were formerly many other springs near the summit 
and that their activity has been gradually on the decline. 








LOWER CHESTER CORRELATION IN WESTERN 
KENTUCKY AND ILLINOIS: 
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Urbana, Illinois 


ABSTRACT 

The article by Charles Butts, ‘“‘“Some Issues in Chester Stratigraphy in Kentucky 
and Illinois,” is discussed; and new evidence on this long-standing controversy is pre- 
sented. The narrowly restricted Campophyllum zone upon which Butts bases his cor- 
relation between Breckinridge and Christian counties, Kentucky, is shown to be a mis- 
conception based upon inadequate evidence, and the species of Pentremites and Talaro- 
crinus cited by him are shown to be unsuited for such precise correlation. The entire 
faunal characters of the Renault formation in Illinois, the ‘‘Lower Ohara” in Christian 
County, Kentucky, and the ‘‘Lower Gasper” in Breckinridge County, Kentucky, prove 
their equivalence; and likewise the Paint Creek of Illinois, the entire ‘‘Gasper”’ of Chris- 
tian County, Kentucky, and the ‘Upper Gasper” of Breckinridge County, Kentucky, 
are equivalent. The authors present their reasons for being unable to accept Gasper as 
a valid formation name. The names Levias and Gerkin are proposed, respectively, for 
the so-called *‘Lower Ohara” member of the Ste Genevieve and the combined Renault 
and Paint Creek formations where the Bethel (or Sample) sandstone is absent from the 
section. 


INTRODUCTION 

In the January-February, 1929, number of this Journal.? Mr. 
Charles Butts presented his views upon the correlation of the Lower 
Chester formations in western Kentucky and southern Illinois, and 
attempted to prove by the occurrence of certain fossils that the 
“Upper Ohara”’ and ‘Lower Gasper’ limestones of western Ken- 
tucky are not equivalent and that the former, therefore, cannot be 
correlated with the Renault formation of southern Illinois. Because 
he believed these limestones to be of different age, he concluded that 
the Sample sandstone of Meade and Breckinridge counties, Ken- 
tucky, and the Bethel sandstone of Hardin County, Illinois, and the 
western counties of Kentucky are not equivalent. 

Facts having a vital bearing on this problem were discovered dur- 
ing the course of field work in 1931; and the way is opened, there- 
fore, for a critical review of the evidence presented by Butts in sup- 
port of his and Ulrich’s Lower Chester correlations. 

* Published by permission of the director, Kentucky Geological Survey, and the 
chief, Illinois State Geological Survey. 


? Charles Butts, ‘‘Some Issues in Chester Stratigraphy in Kentucky and Illinois,” 
Jour. Geol. Vol. XXXVII (1929), pp. 30-48. 
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LOWER CHESTER CORRELATION 


DISPUTED CORRELATION 

Nearly twenty years ago a difference of opinion developed be- 
tween Mr. E. O. Ulrich and Professor Stuart Weller regarding the 
upper limit of the Ste Genevieve limestone in western Kentucky and 
Hardin County, Illinois, and the correlation of the Ohara member of 
the formation in that region with the Renault formation of south- 
western Illinois. It is unnecessary at this time to review the stages 
through which this controversy passed. Table I shows the form in 


TABLE I 
Southwestern Illinois Section, Hardin County, Illinois, and Southwestern Illinois Section, 
Weller’s Correlation Western Kentucky Section Ulrich’s Correlation 
Cypress sandstone = Cypress sandstone = Cypress sandstone 
Paint Creek formation 
Paint Creek formation= ‘“‘Gasper’’ limestone = Yankeetown chert 
Renault formation 
Yankeetown chert = Bethel sandstone = Aux Vases sandstone 
Renault formation = “Upper Ohara”’ limestone 
Aux Vases sandstone Unconformity 
Ste Genevieve “Lower Ohara”’ limestone)= Ste Genevieve 
limestone =  Rosiclare sandstone limestone 


Fredonia limestone 


which it finally crystallized. This table presents the situation as re- 
gards Hardin County, Illinois, and that portion of western Kentucky 
west of Todd County. However, since Butts brings into his argu- 
ments sections of the Lower Chester in areas farther east, it seems 
desirable to introduce a second correlation table to indicate the rela- 
tions of the beds in these areas also. Table II differs somewhat from 
the one given by Butts' in that he assumed that Professor Weller 
and the writers correlated the Renault with the lower part of the 
“‘Gasper”’ as given by him for the Bowling Green area; whereas, our 
correlation of the Renault is with his “‘Upper Ohara.” Also, we in- 
clude the Aux Vases sandstone in both of the southwestern Illinois 
columns, from one of which it was omitted by Butts. 


SUMMARY OF INVESTIGATIONS 
Mr. Ulrich’s acquaintance with the Mississippian section of west- 
ern Kentucky dates back to the years 1888-90 when he was em- 


' Ibid., p. 37. 
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ployed by the Kentucky Geological Survey in an investigation of the 

western Kentucky fluorspar district. Later, in 1902-3, he was as- 

signed by the United States Geological Survey to a continuation 

of this investigation, and his report was published in 1905 as part of 

Professional Paper 36. Subsequently he has made several visits to 
TABLE II 

Bowling Green Area 


Edmonson and 
Warren Counties 


Hardin County, Illinois 
and Western Kentucky 
West of Todd County 


Southwestern Illinois 
Monroe and Randolph 
Counties 


Sample Area 
Breckinridge and 
Meade Counties 


Interpretation of Ulrich and Butts 


Cypress sandstone 


Paint Creek formation 
Yankeetown chert 
Renault formation 


Hiatus or Aux Vases 


sandstone 


Ste Genevieve lime 
stone 


Cypress sandstone 


Paint Creek formation 
Yankeetown chert 
Renault formation 
Aux Vases sandstone 


Ste Genevieve lime 


Cypress sandstone 


Gasper formation 


Bethel sandstone 


Ste Genevieve 
Ohara limestone 
Rosiclare sandstone 
Fredonia odlite 


Cypress sandstone 
Gasper formation 
Hiatus 


Ste Genevieve 
Ohara limestone 
Fredonia oélite 


The Writers’ Interpretation 


Cypress sandstone 


Paint Creek formation 
“Gasper”’) 


Bethel sandstone 
Renau!t formation 

“Upper Ohara”’ 
Absent 


Ste Genevieve 
“Lower Ohara” 


Cypress sandstone 


Paint Creek formation 
“Gasper” 


Absent 

Renault formation 
“Upper Ohara’’) 

Absent 


Ste Genevieve lime 


stone 


Cypress sandstone 


Gasper { “Upper Gasper” 
oblite ; Sample sandstone 

“Lower Gasper” 
Hiatus 


Ste Genevieve limestone 


Cypress sandstone 


Paint Creek formation 
“Upper Gasper”’) 


Be’ hel sandstone 
(“Sample”’ 


Renault formation 
(“Lower Gasper”) 


Absent 


limestone Ste Genevieve lime 
Rosiclare sandstone 


Fredonia limestone 


stone stone 


this and adjoining regions. Ulrich’s pioneer studies in this area were 
made extremely difficult by complex faulting and lack of topo- 
graphic maps, and it is not at all surprising that errors resulted in his 
work. 

Mr. Butts was introduced to the Upper Mississippian stratigraphy 
of the lower Ohio Valley by Professor Weller in 1915 and he spent 
this and the following seasons in a reconnaissance study of western 


Kentucky. During 1917-18 he was engaged in detailed mapping of 
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the Equality and Shawneetown quadrangles in southeastern Illinois. 
Since that time he has made other shorter visits to this region. 

Professor Weller was appointed to the Illinois State Geological 
Survey upon its organization in 1905 and placed in charge of Missis- 
sippian studies. In 1911 he began his detailed mapping of the Ches- 
ter series which was continued almost without interruption until his 
death in 1927. At that time, mapping had been completed from the 
most northern Chester outcrops just south of St. Louis almost con- 
tinuously to Princeton, Kentucky, and by far the greater part of 
this area had been mapped personally by Professor Weller. Since 
1927 this work has been continued in western Kentucky under the 
direction of Mr. Sutton, and, at the present time, mapping of the 
Chester formations has been completed on all sides of the western 
Kentucky coal field where topographic maps are available. As a 
result of these studies, geologic maps of thirty-seven standard 15- 
minute quadrangles have been prepared, most of which. unfortu- 
nately, have not as yet been published. 

There is probably no other comparable area in the United States 
where a series of formations has been mapped and studied in as great 
detail and with such continuity as has this Chester belt in Illinois, 
Missouri, and Kentucky. The correlations given by the writers are 
based on an enormous amount of stratigraphic evidence which, un- 
fortunately, cannot adequately be presented in a short paper and 
must be reserved for a monographic consideration of the Chester 
series. 

BUTTS’S FAUNAL EVIDENCE 
CAMPOPHYLLUM GASPERENSE 

Butts’s correlations are based primarily on the occurrence of the 
colonial coral, Campophyllum gasperense, a widely distributed and 
characteristic species of the Lower Chester which has been observed 
at intervals from the Caldwell-Christian county-line in western Ken- 
tucky eastward and southward as far as Alabama. There is no other 
coral known with which it can easily be confused. Butts places 
great emphasis upon the occurrence of this species and states that, 
“Throughout the entire area of its known distribution it occurs about 
25-40 feet above the bottom of the Gasper, and it has never been 
found at any other horizon except possibly at its extreme southern 








434 A. H. SUTTON AND J. MARVIN WELLER 


e 


range in Alabama, where it seems to occur in the basal 10-20 feet of 
the Gasper.’* He enumerates the following localities in western 
Kentucky where it has been observed: north of Cerulean, at Russell- 
ville, 7 miles northwest of Bowling Green on McFadden Creek, west 
of Smith’s Grove, and at Sample, and the writers could add other 
localities to this list. 

It is significant that, at the localities named by Butts, with the 
exception of the first and last, the Lower Chester group consists of 
almost continuous limestone between the Ste Genevieve limestone 
below and the Cypress sandstone above. This Lower Chester lime- 
stone contains beds which are equivalent to both the Renault and 
Paint Creek formations, typically developed in southern Illinois and 
traced into the western Kentucky counties where they are separated 
by the Bethel sandstone. This sandstone disappears from the section 
-astward in Todd County, being last observed south of the coal field 
at Taylor’s Chapel about 25 miles west of Elkton. 

As the Bethel sandstone is absent in the vicinities of Russellville, 
Bowling Green, and Smith’s Grove, and as there is nothing in the 
Lower Chester limestone to indicate its horizon, these three localities 
of Campophyllum gas perense are of no significance in determining its 
position in the section with reference to that sandstone. Also, with 
regard to these same localities, Butts’s statement that this coral 
“occurs about 25-40 feet above the bottom of the Gasper” is mean- 
ingless, as will be pointed out later. 

At the two remaining localities from which Butts cites Campo phyl- 
lum gasperense, the Lower Chester is divided into two parts by a 
conspicuous sandstone, and, because Butts has found this coral only 
below the sandstone at Sample and above the sandstone north of 
Cerulean, he is insistent that the sandstones at these two localities 
do not represent the same horizon and, therefore, that the ““Lower 
Gasper” as recognized by him in Breckinridge County cannot be the 
same as the “Upper Ohara”’ of the western Kentucky counties. 

It seems evident that Butts has observed Campophyllum gas per- 
ense in a Lower Chester section which is separated into two parts by 
a conspicuous sandstone only at these two localities. If others were 
known to him he would certainly have mentioned them and thus 


' Tbid., p. 41. 
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greatly strengthened his argument. The establishment of a narrowly 
restricted ““Campophyllum zone” based upon the occurrence of this 
coral at only two localities seems to the writers totally unjustified. 

During the field season of 1931, Sutton discovered Campophyllum 
gasperense in the ““Upper Ohara,” below the Bethel sandstone in an 
abandoned quarry along U.S. Highway No. 68 about 5 miles east of 
Hopkinsville, Christian County, Kentucky, and also in the “Upper 
Ohara” in northwestern Warren County, Kentucky. The last-men- 
tioned occurrence is about 1 mile up the Gasper River from the 
mouth of McFadden Creek. These discoveries of Campophyllum 
furnish evidence long anticipated by the writers and prove conclu- 
sively the fallacy of the postulation of a narrowly restricted ‘‘Cam- 
pophyllum zone.” The coral is now definitely known to occur below 
the Sample sandstone at Sample in Breckinridge County and at 
Spurrier in Grayson County, both above and below the Bethel sand- 
stone in Christian County, and in both the “Gasper” and “Upper 
Ohara”’ limestones in the Bowling Green area. It, therefore, has no 
significance as a guide fossil except as an index to the Lower Chester. 
It is quite probable that more careful search will reveal its presence 
also in the beds above the Sample sandstone. 


PENTREMITES 

Butts has sought to fortify his correlation, based primarily on the 
occurrence of Campophyllum gasperense, by listing a number of 
species of Pentremites which he states are constantly associated with 
it. All of these so-called species were named and illustrated, but 
never described, by Ulrich in an attempt to justify correlations pre- 
viously made by him. Those who have worked with this group of 
fossils have been impressed by the exceedingly great variability 
which it presents. Large collections from single localities commonly 
show several end members of more or less distinctive form which are 
joined by series of numerous completely intergrading specimens. 
Subdivision of certain groups into species and varieties is very diffi- 
cult, if not impossible, because nearly every collection when consid- 
ered separately yields different results. As the Pentremites present 
in the Renault and Paint Creek faunas are very closely related and in 
most cases indistinguishable, it is safe to say that no one can satis- 
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factorily distribute a group of Lower Chester specimens among UI- 
rich’s species without first knowing the horizon and locality from 
which it was obtained. The three species —P. pyriformis, P. sym- 
metricus, and P. welleri—cited by Butts, fall into this category, and 
are so similar to P. buitsi that these same specimens, if collected from 
beds believed to represent the Ohara, to which this later species is 
said to be restricted, would probably be classified as P. buttsi. The 
form listed by Butts as P. planus Ulrich is, as nearly as can now be 
determined identical with P. godoni (Defrance) and, in spite of 
Butts’s statement to the contrary, it has been collected from the 
“Upper Ohara” in Hardin County, Illinois, and Caldwell, Critten- 
den, and Livingston counties, Kentucky. The species listed as P. 
godoni (after Ulrich) is not the same as P. godoni (Defrance). The 
presence of this form beneath the Sample sandstone is the best evi- 
dence possessed by Butts that this horizon is younger than the 
Ohara. This form is locally abundant in the Paint Creek faunas, but, 
although it is quite rare in the Renault and ‘Upper Ohara” of the 
western Kentucky counties and southern Illinois, similar or very 
closely related forms have been obtained at a few places. One such 
specimen from the “Upper Ohara’? was named P. praematurus by 
Ulrich. This, however, is a decidedly immature specimen and ade- 
quate comparison is, therefore, impossible. 


TALAROCRINUS 

Several species of the genus Talarocrinus are also cited by Butts 
in support of his correlations. This genus contains some of the last 
representatives of the camerate crinoids known in America, and 
flourished at a time when this order exhibited much variation among 
the individuals of a single species. Talarocrinus is abundantly repre- 
sented in the Lower Chester faunas of Illinois and Kentucky and is 
easily recognized by its bilobed basal plates. Complete specimens, 
however, are very rare, and, as the species are based largely upon 
characters of the tegmen, very few of the specimens can be deter- 
mined specifically. Also, the species erected within this genus have 
been based upon a single or, in a few cases, upon a very few indi- 
viduals; and there is, therefore, grave doubt where individual varia- 
tion ends and specific difference begins. Butts lists four species of 
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Talarocrinus which he states are constantly associated with Cam- 
pophyllum gasperense as follows: T. sexlobatus, T. symmetricus, T. 
inflatus, and T. ovatus. We agree that these are all Renault species, 
but Butts records none of them from his locality above the Bethel 
sandstone north of Cerulean. He states that “None of these species 
is known anywhere below the Bethel sandstone or its horizon,’ and 
cites Professor Weller to this effect, in spite of the fact that Weller 
has recorded the occurrence of 7. inflatus in the ‘““Upper Ohara”’ of 
Hardin County, Illinois, where it occurs beneath the Bethel sand- 
stone.’ 
GENERAL FAUNAL CHARACTERS 

Butts’s correlation of the beds above the Bethel sandstone in the 
western Kentucky counties with beds below the Sample sandstone 
in Breckinridge County is based primarily upon the occurrence of 
Campophyllum gas perense, concerning the range of which he is shown 
to be in error, and secondarily upon several species of Pentremites 
and Talarocrinus which are known to be of very doubtful value for 
such precise correlation. He ignores the fact that the entire faunas 
of the Renault and “Upper Ohara’”’ formations, and the “Lower 
Gasper,” as interpreted by him in Breckinridge County, show their 
identity, as has been pointed out repeatedly by Professor Weller. 
Both Ulrich and Butts accept the lower Talarocrinus zone in south- 
western Illinois and in Breckinridge County, Kentucky, as marking 
the basal Chester limestone, but in the areas between these two 
places they assign the lower Talarocrinus zone to the upper part of 
the Ste Genevieve, despite the typical Chester character of the 
fauna and the absence of a single characteristic Ste Genevieve 
species. : 

THE “LOWER OHARA 

The Ohara member of Ulrich’s Ste Genevieve formation in western 
Kentucky is known to be separated into two parts by an uncon- 
formity. The lower part is relatively unfossiliferous and has yielded 
no extensive collections. It does, however, contain numerous stem 
segments of Platycrinus penicillus which is also abundant in the 

t Ibid. 

2 Stuart Weller, “‘Geology of Hardin County,” Jilinois State Geol. Surv., Bull. 41 


(1920), pp. 336, 337, and 338. 
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underlying Fredonia member but is unknown above this unconform- 
ity. The upper part commonly possesses a basal conglomerate and 
is very fossiliferous at many localities, particularly where it contains 
shaly beds. This fauna is decidedly Chester, and, because Ulrich 
failed to note the twofold nature of the Ohara, he was led to include 
the entire Ste Genevieve formation in the Chester series. Butts has 
recognized the twofold nature of the Ohara at a number of places 
and is in agreement with Professor Weller and the writers concerning 
the ranges of the primary guide fossils Platycrinus penicillus and Tal- 
arocrinus,' but follows Ulrich in assigning the entire Ohara to the 
Ste Genevieve. 

According to Butts’s argument in the paper under discussion, the 
“Lower Gasper” of Breckinridge County is equivalent to the Re- 
nault, as was held by Professor Weller, and because the ‘‘Lower 
Gasper” of Breckinridge County is not equivalent to the ‘Upper 
Ohara,” the ‘Upper Ohara” cannot be equivalent to the Renault. 
Although Professor Weller had carefully studied the Lower Chester 
section in the vicinity of Sample and was convinced of the Renault 
age of the ‘“‘Lower Gasper” there, he was never primarily concerned 
with this correlation in an area far to the east of the region in which 
his detailed studies were conducted. He was, on the other hand, 
much more intimately concerned with the correlation of the ‘‘Upper 
Ohara” and has stated in numerous publications his firm conviction 
of the Renault age of these beds and has fortified these statements 
by a detailed presentation of the evidence. Also, careful studies of 
the entire faunas of the ‘Lower ’’and ‘“‘Upper Gasper’’ limestones 
from the Sample area show a practical identity of the fauna of the 
“Lower Gasper” of that area with the fauna of the ‘‘Upper Ohara” 
farther west, and of the fauna of the ““Upper Gasper” of Meade and 
Breckinridge counties with that of the entire “Gasper” along the 
south and west sides of the coal basin. With these correlations thus 
established, the Sample and Bethel sandstones must be equivalent. 

Butts’s separation of the “Upper Ohara” from the “‘Gasper’’ was 
dependent, originally, upon his recognition of the horizon of the 
Bethel sandstone, and his interpretations have not been entirely 


* Charles Butts, ‘Mississippian Series in Eastern Kentucky,” Ky. Geol. Surv. Bull., 
Ser. 6, Vol. VII (1922), p. 153. 
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consistent. At the time of his first report he did not recognize the 
Ohara between the Fredonia and ‘Gasper’ anywhere in western 
Kentucky along the southern or eastern borders of the western coal 
field east of the Christian-Todd county-line.t Later, however, he 
assigned the lower 40 feet of the section on McFadden Creek, 7 miles 
northwest of Bowling Green, to the Ohara but does not mention the 
criteria by which he recognizes the Bethel horizon.? The writers be- 
lieve that Butts was influenced to such a revision by the occurrence 
of Campophyllum gasperense which he did not recognize as a guide 
fossil when his early work was done, but which he later assumed to 
mark a horizon ‘‘25—40 feet above the bottom of the Gasper.”’ 

The Ohara as originally defined should not be considered a stra- 
tigraphic unit, because it transgresses an important unconformity 
and is capable of easy subdivision. That part which has been termed 
‘Upper Ohara” is strictly equivalent to the Renault of Illinois. The 
“Lower Ohara,” on the other hand, is a well-defined member of the 
Ste Genevieve and is worthy of a distinctive name. Were it not for 
the persistent use of the term Ohara by Butts and Ulrich for beds 
of Renault age in western Kentucky and probably elsewhere, this 
name might be redefined and restricted to the lower part of the 
original member. Under the circumstances, however much the writ- 
ers regret doing so, it seems advisable to reject Ohara as a name 
made useless by nearly thirty years of misinterpretation, and the 
new name Levias, with the type locality just east of the town of 
that name in Crittenden County, Kentucky, is now proposed for 
the uppermost member of the Ste Genevieve between the Rosiclare 
sandstone and the Renault formation in western Kentucky and the 
adjacent part of southern Illinois. 


THE “‘“GASPER”’ 

In 1905 Ulrich proposed the name Tribune for a limestone in the 
Chester series of western Kentucky, which, he stated, immediately 
overlies the sandstone now known as Bethel. Ten years later Pro- 

t Charles Butts, “Descriptions and Correlations of the Mississippian Formations of 
Western Kentucky,” Ay. Geol. Surv. Bull., Ser. 4, Mississippian Series in Western 
Kentucky (1917), pl. 3. 

2 Charles Butts, ‘‘Some Issues in Chester Stratigraphy in Kentucky and Illinois,” 
Jour. Geol., Vol. XXXVII (1929), Pp. 34. 
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fessor Weller discovered that the limestone at Tribune does not occur 
at this position in the section but several hundred feet higher, being, 
in fact, the Menard limestone of Upper Chester age. The name 
Tribune, therefore, was abandoned, and in 1917 Butts proposed 
Gasper to take its place. Unfortunately, Butts has never described 
the section exposed along Gasper River from which this name is 
derived, and, although the upper limit of this formation is fixed at 
the base of the Cypress sandstone, the position of its lower boundary 
is uncertain. In 1917 Butts recognized no Ohara in the vicinity of 
Gasper River and Bowling Green, and it logically might be assumed 
that the Gasper extends downward to the Platycrinus penicillus— 
bearing beds which he termed Fredonia; but in 1929 he gave a sec- 
tion on McFadden Creek, which is in this same neighborhood, and 
assigned the lower 40 feet to the Ohara. The situation is further 
complicated by the fact that Butts states the name Gasper is in- 
tended “‘as a substitute for Ulrich’s name Tribune limestone. ... .’” 
Also the great importance which Butts attaches to the section in 
Breckinridge County and his description of this in greater detail 
than any other supposedly Gasper section might indicate that he 
considers this his type section. 

It is clear from the foregoing statements that the Gasper as a 
formation has never been adequately defined nor has its type local- 
ity been clearly indicated. If this name is to be considered strictly 
a substitute for Tribune, presumably the type section of the Tribune 
would become the type section of the Gasper. This is located, ac- 
cording to Butts, on the Princeton-Hopkinsville pike in Christian 
County about 1 mile east of the county-line, over 25 miles south 
of Tribune, and nearly 75 miles west of Gasper River. On the other 
hand, the emphasis placed on the section present in the neighborhood 
of Sample in Breckinridge County may indicate that he considers 
this to be his type locality even though it is over 50 miles north of 
Gasper River. In either of these cases the Gasper becomes a recog- 
nizable series of beds with definite upper and lower limits, but un- 
fortunately the Gasper as interpreted at these two localities is not 


‘ Charles Butts, “‘Descriptions and Correlations of the Mississippian Formations of 
Western Kentucky,” Ay. Geol. Surv. Bull., Ser. 4, Mississippian Series in Western Ken 
tucky (1917), p. 64. 
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identical, because at the former it includes Paint Creek beds only 
and at the latter it includes Renault and Bethel beds in addition to 
the Paint Creek. If, on the other hand, the type section of the Gas- 
per is to be found on Gasper River, it is important to know whether 
its lower boundary is to be drawn at the top of the Ste Genevieve 
proper or above a series of beds elsewhere assigned to the ‘‘Upper 
Ohara”’; and upon this point Butts’s interpretation is inconsistent, 
as has been indicated. 

Uncertainty regarding the beds which Butts himself intends to 
include within the typical Gasper has made it impossible for the 
writers to recognize Gasper as a valid formation name. Along most 
of the southern margin of the western Kentucky coal basin and 
along part of its eastern border, the Bethel (or Sample) sandstone 
is absent, and the Renault and Paint Creek limestones come to- 
gether to form a single formational unit. A name by which it might 
be known would be convenient. Gasper would be a suitable name 
for such a unit, but unfortunately the confusion, uncertainty, and 
miscorrelation that have surrounded it for fifteen years have per- 
manently impaired its usefulness; and it seems advisable to select 
a new name rather than attempt to define the Gasper within these 
limits at this late date. Therefore, Girkin is now proposed as a 
designation for beds of Renault and Paint Creek age in that part of 
western Kentucky where the Bethe! (or Sample) sandstone is not 
developed. It will include everything from the Ste Genevieve lime- 
stone (with Platycrinus penicillus) below to the Cypress sandstone 
above. This part of the section is well developed in the hills that 
nearly surround the village of Girkin in Warren County, Kentucky, 
and an excellent section may be seen in the bluff of Barren River 
at Greencastle, 8 miles to the west. 


CONCLUSION 
The Chester is a complex series of formations that can be traced 
and correlated with certainty only by one thoroughly familiar with 
its stratigraphic and faunal succession. Ulrich’s map of the fluorspar 
district' shows that he attained no such familiarity, probably be- 


« £.O. Ulrich and W. S. T. Smith, “The Lead, Zinc, and Fluorspar Deposits of West 
ern Kentucky,” U.S. Geol. Surv., Prof. Paper 36 (1905), Pl. I 
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cause of the handicaps imposed by the complexly faulted structure 
of the region and the lack of adequate base maps. His correlation of 
the Bethel sandstone with the basal Chester Aux Vases sandstone 
of the Mississippi Valley was an error which he has persistently 
maintained. 

Mr. Butts undertook his reconnaissance studies in western Ken- 
tucky without previous experience with the Upper Mississippian 
section of the Mississippi and lower Ohio valleys. His acceptance of 
Ulrich’s correlation of the Bethel sandstone in the western counties 
of Kentucky probably is responsible for his failure to recognize this 
sandstone in Breckinridge County. This is an error which is of 
great importance because of the significance which he attaches to 
the interpretation of the Breckinridge County section in connection 
with the Renault—“‘Upper Ohara”’ correlation. 

The intimate knowledge of Chester stratigraphy and paleontology 
gained in the course of twenty years of intensive investigation by 
Professor Weller and his associates in Illinois, Kentucky, and Mis- 
souri, a small part of which is summarized in the foregoing pages 
merits the utmost consideration and, in the opinion of the writers, 
conclusively demonstrates the correctness of the correlations that 


have been presented by them. 

















VOLUME, SHAPE, AND ROUNDNESS OF ROCK 
PARTICLES 
HAKON WADELL 
University of Chicago 
ABSTRACT 

The present paper deals with the fundamental principles, conceptions, and ideas 
upon which some new sedimentological research methods are based. 

Size classification of particles is commonly based on either the 
arithmetic or the geometric mean of the greatest, intermediate, and 
least diameters. The values obtained in both cases are dependent 
upon two factors: the shape and the volume of the particle. Two 
particles, one having diameters of extremely different values, the 
other being a sphere with the three diameters consequently of the 
same length, may both have the same “‘size”’ value as a result of the 
arithmetic or geometric mean of their diameters, yet they may differ 
distinctly in respect to both shape and volume. Shape and volume 
are factors independent of each other, and a distinction between the 
two is of importance for the interpretation of a vast number of 
phenomena. 

No agreement has ever been reached in defining the three diame- 
ters of a particle of non-spherical shape. Some investigators require 
that the three diameters meet at right angles; others stipulate that 
the lines of measurement be at right angles to each other, but do not 
require a common point of crossing. In the last case the mean diame- 
ter is ordinarily computed as “the mean of length, breadth, and 
thickness” of the particle. Here again we enter upon ambiguous 
conceptions (breadth and thickness of an irregular solid?) which 
become still more confusing when dealing with particles with re- 
entrant angles. 

Ordinarily the length is synonymized with the distance between 
the two most distant peripherical points situated opposite to each 
other. Maintaining this view and the rule that the diameters 
should run at right angles to each other, the mean diameter, for 
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instance, of a cube of 2 mm. edge, equals the diagonal of the cube, 
i.e., 3.46 mm. The diameter of a sphere of the same volume as the 
cube amounts to 2.48 mm. It is evident that the high value of the 
mean diameter of the cube is due to the shape. The mean diameter 
has no significance whatsoever, except that it gives a general idea 
of the “size” of the particle. An attempt to use the mean diameter 
as a basis for calculating the volume of the particle gives values all 
out of proportion to the actual value of the volume. For instance, 
in the given example, 3.46° equals 41.42 cubic millimeters, or figur- 
ing on a sphere of a diameter of 3.46 mm. the volume amounts to 
about 22 cubic millimeters; whereas, the true volume of the cube 
equals 8 cubic millimeters. It is, of course, understood that the true 
volume of a particle of cubic shape may be readily obtained when 
the length of its edge is known, but, since rock particles, in general, 
do not attain such regular shape, the example tends to show the 
erroneous impression of the volume of a particle when the mean di- 
ameter, as commonly defined, is used as an expression for “size.”’ 

The “‘size”’ of a particle is best expressed by its simple volume val- 
ue, because this value remains always unaffected by the shape. 
Sometimes the ‘‘size’’ may advantageously be expressed by the value 
of the true nominal diameter, which is the diameter of a sphere of the 
same volume as the particle (not to be confused with the equivalent 
diameter |equivalent radius, Odén, 1915] which is the diameter of a 
sphere having the same settling velocity as the particle). 

SHAPE OF PARTICLES 

A solid may be spherical, cylindrical, cubical, etc. To express its 
form it is necessary to adopt a standard shape for comparison. 

Transportation of sedimentary particles either by wind or water 
involves rolling and suspension, and between these two an inter- 


mediate mode of dislodgment, saltation. The spherical form is 
a determinant factor in sorting the particles in traction by rolling, 


because spherical particles roll faster than non-spherical. When 
dealing with tractional particles the sphere may therefore appro- 
priately be taken as a standard of comparison. 

When dealing with particles in suspension the expression of shape 
must theoretically be seen from another angle, viz., the area of the 
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grain surface. A sphere has the greatest relative volume with the 
smallest surface area and, therefore, has a greater settling velocity 
than any other shape of the same volume and density. Progressively 
greater departure from spherical shape means progressive increase 
of surface without change of volume and, therefore, also, a decrease 
of the settling velocity of the solid. 

It is evident that the most exact shape expression, approximately 
reflecting the behavior of a particle in suspension, is the ratio of the 
surface area of a sphere, of the same volume as the particle, to the 
actual surface area of the particle; expressed by the formula 

§ e ° s 
g = Degree of true sphericity, 
where s is the surface area of a sphere of the same volume as the 
particle, and S is the actual surface area of the particle. The maxi- 
mum value obtained by this formula is 1.000 which is the numerical 
value of the shape of a sphere. All other shapes have values less 
than 1.000. 

The shape may also be expressed by the numerical value of the 
standard surface area which is the area of a solid having a volume of 
the numerical value 1 and the same shape as the particle. The nu- 
merical value of the standard surface area of a sphere is 4.8359, that 
of a cube 6.000, etc. Designating the true sphericity by the Greek 
letter Y and the standard surface area with the Greek letter a, the 
two conceptions are related as follows: 

4.8359 _ 
- 
where 4.8359 is the numerical value of the standard surface area of 
a sphere. 

The sphericity and the standard surface area as expressions for 
shape serve different purposes. The sphericity value has for several 
reasons been found to be best suited for expressing the shape of 
sedimentary particles. 

The shape of particles has scientific, industrial, and commercial 
importance. Attempts have been made to analyze sediments on the 
basis of the sphericity of the individual particles composing the 
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sediment. The results show that the shape of the particles is a very 
sensible factor in the accumulation of the sediment. Distinction be- 
tween sediments mainly accumulated by traction and mainly settled 
direct from suspension is eventually made possible. The accumula- 
tion of the two types of sediments follows distinctly different laws, 
the operation of which influences the proportion of particles of dif- 
ferent shapes by sorting. Correlation of oil sands on the basis of 
shape and roundness of the grains is suggested, but attempts have 
not as yet been made. However, others claim successful results by 
optical comparison with a more or less arbitrary set of standard 
“roundness” grades consisting of representative grains. By a clear 
mathematical distinction between shape and roundness, correlation 
on the basis of these properties is made possible without any influ- 
ence of personal opinion. It is generally assumed that the shape of 
particles plays an important réle in ore treatments and in respect 
to the properties of cement, concrete, pigment powder, and other 
industrial products. The commercial prices of granular products are 
frequently influenced by the compactibility of the material, which 
in turn depends largely on the form of the particles. Both the so- 
called volume-weight and the sediment-volume are to no small extent 
influenced by the shape of the particles. To what extent shape can 
be substituted for fineness without altering properties of material, 
and vice versa, is not known. I refer in the last case to the specific 
surface, the value of which evidently can be changed in two ways, 
either by changing the shape or else the fineness of the particles. 


ROUNDNESS OF PARTICLES 
A solid may possess a maximum degree of roundness and still not 
be a sphere, or have a high degree of sphericity and no roundness. 
The distinction is illustrated by the almost spherical, dodecahedral 
forms of garnet, which, if not worn, exhibits non-rounded, sharp 


corners with large obtuse angles. 

A cylinder terminated at each end by a half sphere, Figure 1d, 
cannot become more rounded, and yet the cylinder is not a sphere. 
A cylinder of the described type may well be worn down to a 
sphere, but the radius of curvature of its ends must during the proc- 
ess of wear always remain equal to the radius of the maximum in- 
scribed circle in the longitudinal section of the solid, assuming that 

















VOLUME, SHAPE, AND ROUNDNESS OF ROCK PARTICLES 447 


no decrease of the degree of roundness takes place during the process 
of wear. 

A corner may be defined as every such part of the outline of an 
area (projection area) which has a radius of curvature equal to or 
less than the radius of curvature of the maximum inscribed circle 
of the same area. Thus a corner has reached its maximum degree of 
roundness when the radius of its curvature equals the radius of the 
maximum inscribed circle; an increase of its radius of curvature over 
that of the inscribed circle re- 
sults inevitably in one, two, or 
several new corners of smaller 
radii of curvature, i.e., less de- 
gree of roundness (Fig. 1c). 

While sphericity is essentially 


(©) 


a three-dimensional conception, 
roundness is obtained by meas- 
urements in one plane only. 
Strictly speaking, the total Fic. t.—Illustration of the conception 
a er : “roundness. 

roundness of a solid is achieved 

by measurements in three planes at right angles to each other, but 
two planes are in most cases sufficient, while one plane is satisfactory 
when dealing with small sedimentary particles. 

The curvature of the corners of a sand grain may easily be meas- 
ured if submitted to sufficient magnification. The values obtained, 
however, would not be directly comparable with the same kind of 
values of a boulder. It is evident that two objects of such different 
size cannot be measured with equal delicacy. (If the point of a 
needle is submitted to sufficient magnification it appears blunt and 
its radius of curvature may readily be measured, while to the naked 
eye it is sharp.) In order to obtain comparable values a standard 
size must be adopted. Large objects such as boulders and cobbles 
must be reduced, and small ones like sand grains magnified to ap- 
proximately the same size, i.e., the standard size, on which the meas- 
urements are performed. The average diameter of the standard size 
used for measurement of rock particles has been fixed to 70 mm., 
and microscopic particles have been enlarged to about that size by 
camera lucida or screen projection. 

Since the radius of curvature of a corner may attain any value 
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up to the maximum which equals the value of the maximum in- 
scribed circle, the “roundness” of a corner may be expressed by the 

ed ‘ . . ° 
ratio p » where ¢ is the radius of curvature of the corner and R is the 
radius of the maximum inscribed circle in the plane of measurement. 
The maximum value for pis 1.000 for a corner of maximum round- 
ness. 

The total roundness of a solid in one plane may be obtained by 
taking the arithmetic mean of the roundness of the individual cor- 
ners in that plane. Thus the formula for roundness reads: 


= Degree of roundness of a particle in one plane, 


y 


where > is the sum of the roundness values of the corners, and 


y 
CR 
N is the number of corners of the particle in the given plane. The 
maximum value for roundness achieved by this formula is 1.000 for 
a particle of maximum roundness in the given plane. Thus a sphere 
has a roundness value 1.000 and also a sphericity value 1.000. 

A formula, sometimes giving a slightly different roundness value 
than that obtained by the one above, has also been used by me for 
determining the roundness of sedimentary rock particles. It reads: 


= Degree of roundness of a particle in one plane. 


‘The maximum value for roundness achieved by this formula is also 
1.000 for a particle of maximum roundness in the given plane. The 
reason for the preference for the second formula is beyond the scope 
of the present paper. 

Rounding of sedimentary particles is a special type of disintegra- 


tion attributed to attrition and solution. Roundness is destroyed or 
diminished by fracturing and chipping, and high degree of round- 
ness is, therefore, often an indication of gentle conditions of wear 
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relative to the size, hardness, and toughness of the particle. Further 
discussion on the sedimentological significance of roundness of rock 
particles is also beyond the scope of the present paper. 


THE IMAGE 
The sphericity value expresses the shape, and the roundness value 


gives a summarized expression for certain detail characteristic of the 
solid; sphericity and roundness together express the image of the 


solid. 
Roundness erat 
ieledey Image of solid, 
ii 48 
or substituting numerical values, e.g., g, 7 we have the numerical 
«€ a | 


expression of an image, having 0.48 degree of roundness in a shape of 
0.83 degree of sphericity. 

Although roundness and sphericity values meet in a maximum 
value 1.00 in the numerical expression of the image of a sphere, i.e., 
1.00 

, their values are not necessarily increased equally by wear 
1.00 
toward that maximum. Sphericity and roundness have one thing 
in common, viz., their values increase by attrition, and sometimes 
by solution, of the solid, but they are not increased proportionally. 
Chipping of a particle may increase the sphericity, but it decreases 
the roundness. For this reason, and since equal numerical values 

.go 

may occur for roundness and sphericity, e.g., a! it is obvious that 
the image cannot be expressed as a ratio of the roundness value to 
the sphericity value. The double line separating the values is used 
to indicate that the image expression is not a ratio. 

Figure 2 gives an illustration of sand grains of different image 
values. The particles were picked from different grade sizes of grains 
of St. Peter sandstone and enlarged to approximately the same size. 
The grains of the upper row vary slightly in respect to sphericity, 
but the roundness decreases from left to right. In the lower row the 
roundness varies considerably, but the sphericity decreases from left 


to right. 
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In judging the roundness, attention should be given to the general 
“sharpness” of the corners. The eye is more impressed by the ex- 
pressiveness of the roundness values when grains of greatly different 
roundness values are compared. The first and second grains from the 
left in the upper row have the same sphericity, but different round- 
ness values. The second, fourth, and sixth grains in the same row 
are of equal sphericity but show marked difference in ‘“‘sharpness.”’ 
Attention is also called to the first and second particles from the 
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Fic. 2.—Images of sand grains illustrating the expressiveness of the image values 


left in the lower row; the first has a lower roundness, but higher 
sphericity, than the other. The circles around the particles serve 
no other purpose than to facilitate the impression of the sphericity. 


SUGGESTIONS FOR SEDIMENTOLOGICAL RESEARCH 


The deposition of sediments is a complex process involving inter- 
actions which have thus far baffled mechanical analysis. The results 
achieved by current sedimentological analyses are influenced by a 
variety of factors such as the type of analysis employed—-sedimen- 
tation, elutriation, and sieving——the statistical method used in com- 
pilation of the data, variation of the mineral composition, uniform- 
ity of the grain size, variation in shape of the particles, concentra 
tion of certain minerals in certain grade sizes, etc. When several 
such factors are summarized in a single graphic presentation, an 
insight into the true nature of the sediment is not achieved, and the 
actual changes which take place in a sediment from one locality to 


another is but faintly realized. 


An attempt has been made by the present writer to obtain data 
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on some of the important properties of the individual particles 
which compose a sediment, thereby making it possible to group a 
given number of investigated particles at will on the basis of any 
specified property. For instance, a classification of the particles may 
be achieved on the basis of their chemical composition and specific 
gravity; the obtained classes may be subdivided according to volume 
of the individual particles, and these subclasses then divided on the 
basis of the shape and roundness, etc., of the particles. By this 
method, or some intelligent variation of it, according to the purpose 
of the research and the nature of the sediment, data are secured 
which may furnish a clue to the origin of the deposit and the factors 
involved in the changes of a sediment from one locality to another. 

An account of the results achieved and the methods used for 
obtaining numerical values of the various properties—volume, 
shape, roundness, etc.—-of sedimentary particles has been prepared 


for publication in the near future. 

















GIANT CURRENT RIPPLES IN COARSE 
FLUVIAL GRAVEL 


GEORGE A. THIEL 
University of Minnesota 
ABSTRACT 
Large asymmetrical current ripples were formed from coarse gravel on the floor of a 
gorgelike channel made in a few hours by a high-velocity stream that partially drained a 
glacial lake near Ely, Minnesota. The ripples have wave lengths varying from 25 to 60 
feet and an average vertical form index of 12. They represent huge symmetrical ‘‘sand 
waves” that have changed their profiles to asymmetrical meta-ripples. 


INTRODUCTION 

Large current ripples have been described or mentioned as oc- 
curring in a variety of different types of sedimentary rocks. Bucher’ 
summarized their occurrence in Paleozoic dolomites, limestones, 
shales, and conglomerates, and found that they vary from strongly 
asymmetrical to completely symmetrical in profile. More than half 
of the ripples observed were characterized by an utter lack of assort- 
ment of the material of which they were composed. Cornish’ has 
described giant tidal ripples, some of which have a height of 3 feet 
above the intervening troughs, and a distance between crests of from 
60 to 88 feet. Hider? measured current sand waves during a high- 
water stage near Lake Providence, Louisiana, and reported waves 
that were 228 meters from crest to crest under a depth of 27 meters 
of water. Their size decreased in shallow water where “‘they resolve 
themselves into waves or ridges transverse to the direction of the 
current, varying from 20 to 100 feet apart, and from a few inches to 
1 or 2 feet in height.” 

Similar exceptionally large asymmetrical current ripples in well- 
sorted, coarse glacial gravel were observed by the writer on the floor 
of a channel made by an unusual stream that partially drained Bass 
Lake in northeastern Minnesota. 

* W. H. Bucher, “‘On Ripples and Related Sedimentary Surface Forms,” Amer. Jour. 
Sci., Vol. XLVII (4th ser., 1919), p. 258. 

2V. Cornish, ‘‘Sand-Waves in Tidal Currents,’’ Geog. Jour., Vol. XVIII (1901), 
pp. 170-202. 


3A. Hider, Mississippi River Commission Report (1882), pp. 83-88. 
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NATURE OF THE STREAM AND ITS SEDIMENTS 
Bass Lake and Low Lake are located 4 miles north of Ely, Min- 
nesota. They occupy a long, narrow basin that was gouged out of 
pre-Cambrian crystalline rocks during Pleistocene glaciation (Fig. 
1). Both lakes are in the same rock basin, but they were separated 
by a ridge of glacial gravel that served as a dam between them. As 
the glacier receded, the outlet from Bass Lake was established over 


























Fic. 1.—Outline map showing the field relations of Bass Lake and Low Lake, with 
a high gradient stream (A-—C) between the lakes. Contour interval 20’. (After 
Clements, U.S.G.S.) 


a low point in the rim of the basin at the east end of the lake (A, 
Fig. 1). The short stream (A—C) connecting it with Low Lake cut 
its channel to the bedrock of the margin of the glacial basin, and the 
rate of deepening of the outlet and the consequent lowering of the 
lake level were therefore greatly retarded. The outlet of Low Lake 
was lowered more rapidly, until eventually the water level in Low 
Lake stood approximately 60 feet below that in Bass Lake. The 
horizontal distance between these two bodies of water was less than a 
thousand feet, with only a heap of glacial gravel separating them 
(Fig. 2). This gravel embankment retained the waters of Bass Lake 
throughout all of postglacial time until recently, when lumbering 
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men built a sluiceway connecting the two lakes. A short time after 
the construction of the sluiceway, seepage channels were established 
through the gravel beneath it, until suddenly, without warning, the 
dam of drift was swept away and the gravel deposited in the west end 





= Old level ~ Bass Lake ___ Glacial Gravel 





Present level — Bass Lake 
~Lew Take} 


100 ft 











Fic. 2.—Profile sketch showing the change in level of Bass Lake and its former level 
in relation to that of Low Lake. 





Fic. 3.—Photograph showing the north wall of the channel cut through glacial 
gray 


gravel at Bass Lake. 


of Low Lake. Bass Lake was lowered 55 feet in less than 10 hours 
(Figs. 3 and 4). During that short interval of time, thousands of 
tons of glacial gravel were transported and redeposited. 

The newly established channel (A~—B, Fig. 1) between the two 
lakes curves slightly toward the south. For this reason it has cut a 
deeper channel along the south wall of the gorge. Along the north 
or concave portion of the channel a wide zone of stream-deposited 
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gravel is now exposed above the water level (Figs. 3 and 4). The 
gorge excavated by the torrential stream is about 250 feet wide; 
whereas the present stream is less than 10 feet in width. The velocity 
developed as the gravel dam was being removed may be estimated 























Fic. 4.—Photograph of the floor of the channel in which the giant ripples were 
formed. 
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(Fig. 5) some of which are over 50 feet in length. 


SIZE AND CHARACTER OF RIPPLES 








ymmetrical and similar in profile to the meta-ripple type as classi- 


Fic. 5.—Diagram showing variations in the wave length of the current ripples 


from the fact that boulders from 20 to 28 inches in diameter were 
transported and deposited on the surface of the bed of gravel that 
was built up in the basin of Low Lake. This exposed portion of the 


deposit of gravel is covered by a series of gigantic current ripples 


The current ripples on the surface of the gravel are strongly as- 
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fied by Bucher. They have a long, gently sloping, stoss side and a 
very steep lee slope, with a horizontal form index ranging from 3 to 8. 
The wave lengths are plotted to scale in Figure 5. It may be noted 
that the wave length of the ripples decreases toward Low Lake. This 
shortening from crest to crest is due to an increase in depth of water 





Fic. 6.—Photograph of the sediments on the floor of the channel. The letter A is 
on the lee slope, and B is on the lower end of the stoss slope of a ripple. 
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Fic. 7.—A histogram of an average sample of lee-slope gravel 


and an accompanying decrease in velocity in that direction. Experi- 
mental evidence indicates that the increment of wave length is pro- 
portional to the increment of velocity. ‘This relationship applies only 
between the two critigal points of velocity between which current 


ripples can exist. Its application is strikingly shown in Figure 5. 
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Large current ripples have been reported only in sediments of 
relatively coarse grain. At Base Lake the sediment is coarse glacial 
gravel. All the ripples show a sorting of material, as is indicated in 
Figure 6. The lower end of the stoss slope is composed of boulders 
and very coarse gravel which grades progressively into finer gravel 
toward the crest of the ripple. The lee slope is all coarse sand and 























Fic. 8.— Diagram showing the relation of fine gravel to unsorted glacial sediments 
in the current ripples. 


TABLE I* 


APPROXIMATE CURRENT VELOCITIES NECESSARY To Movi 
DésBRIS OF DIFFERENT SIZES 


Mean Diam 


Description agg ate Depth in M Velocity M /Sec 
Coarse sand 9 0.006 0.34 
Fine gravel 2.2 0.028 0.46 
Rounded pebbles size of peas Shallow 0.61 
Fine gravel 4.9 0.033 0.65 
Fine gravel 7.0 0.066 ° 86 
Gravel. . 27.0 Shallow 0.97 
Gravel 54.0 Shallow 1.62 
Boulders 171.0 Shallow 2.37 
Boulders 323.0 Shallow 3.25 
Boulders 409.0 Shallow 4.87 
Boulders 700-800 Shallow 11.68 


*W.H. Twenhofel, Treatise on Sedimentation (Williams & Wilkins Co., 1926), p. 464 


fine gravel. Figure 7 is a histogram of an average sample of lee- 
slope sediment. Approximately 80 per cent has a size range of fine 
gravel. 

Below the rippled surface the gravel is unsorted. This hetero- 
geneous material was deposited in the form of friction waves from 
which the meta-ripples were formed as the velocity of the stream was 
gradually lowered. The present profile as well as the assortment of 
materials in the ripples was determined by the velocity of the cur- 


rents in the vortex at the lee slope of each growing ripple. ‘Thus each 
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ripple has a core of unsorted gravel that was once part of a friction 
wave, that now has fine gravel and sand placed asymmetrically on its 
downstream limb (Fig. 8). Table I shows the range of velocities that 
existed during the formative stages of the ripples. A velocity of over 
5 meters per second was required to move the boulders that were 
transported and deposited with the heterogeneous material of the 
friction waves. With a lowering of the water level in Bass Lake and 
an accompanying decrease in velocity in its newly established outlet 
the boulders and coarse gravel lagged behind as the finer gravel and 
sand was rolled and carried forward. Eventually this finer gravel 
transformed the symmetrical waves into asymmetrical current 


ripples. 

















WEATHERING OF THE MEDFORD DIABASE 
PRE- OR POSTGLACIAL? 
ARTHUR WOLF 
Tufts College 
ABSTRACT 
This paper presents evidence from recent exposures that the main mass of weathering 


and decomposition of the famous dike of diabase at Medford, Massachusetts, cocurred 
prior to the last ice invasion. 


INTRODUCTION 


At the suggestion of Dr. Alfred C. Lane, the author gathered fur- 
ther evidence upon the time of weathering of the well-known dike 
of diabase at Medford, Massachusetts. Previous investigation of 
this problem has been done by W. O. Crosby,’ G. P. Merrill,? G. H. 
Barton,’ and A. W. G. Wilson.4 Crosby, Barton, and Merrill have 
described the weathering as being probably postglacial, whereas 
Wilson, who studied the dike at a later date and quotes the afore- 
mentioned geologists, maintains the weathering to be mainly older 
than the Wisconsin glaciation. 


DESCRIPTION OF THE DIKE 

An excellent and complete survey of the dike may be found in 
Wilson’s paper.’ Inasmuch as the question bears upon the duration 
of time since the last ice invasion, and since the rate of weathering 
of a rock depends largely upon the physical and chemical character- 
istics of that rock, a description of the diabase is included. The 
diabase is a hornblende- biotite- augite rock with lenticular inclu- 
sions of quartz, the subordinate minerals being magnetite and cal- 

t W. O. Crosby, ‘‘Contributions to the Geology of Eastern Massachusetts,’’ Boston 
Soc. Nat. Hist., Vol. III (1880). 

2G. P. Merrill, ‘Disintegration and Decomposition of Diabase at Medford, Mass.,”’ 
Bull. Geol. Soc. Amer., Vol. VII (1896), pp. 349-62. 

3G. H. Barton, “‘Bowlders Formed in situ,’’ Tech. Quarter., Vol. V (1892), pp. 401- 
OS. 

4A. W. G. Wilson, ‘“The Medford Dike Area,’”’ Boston Soc. Nat. Hist., Vol. XXX, 
No. 2 (1901), pp. 353-74- 
5 Tbid. 
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cite. The diabase is so coarse grained as to be often classed as a 
gabbro, and it is this coarse grain which is probably an important 
factor in the decomposition of the rock. Excellent petrographical 
descriptions may be found in papers by T. A. Jaggar’ and W. H. 
Hobbs,” and in A. C. Lane’s Die Korngrdésse der Auvergnossen a very 
careful study of the grain is included. The mechanics of the dike 
intrusion and the field relations of the dike may be found in a paper 
by M. P. Billings. 
TABLE I 


C. M. WuirNney G. P. MERRILL W. H. Hosss 

Fresh Weathered Fresh |W eathe red Fresh 
6 5 2 | I 3 | I 

= » | ay 
S10, 50.30 | 49.02 50.58 | 47.28 | 44.44 | 48.75 
ALO, 17.32 19.11 17.93 20.22 23.19 17.97 
Fe,O, 4.07 8.74 8.87 3.66 12.70 o.4!1 
FeO 10.65 6.30 | 5.46 8.99 13.52 
CaO 5.25 4.66 3.97 7.09 6.03 8.82 
MgO 3-94 3.05 2.56 3.17 2.82 3-39 
MnO 0.61 0.45 0.37 0.77 0.52 0.9gI 
TiO, n.d. n.d, n.d. n.d. n.d. 0.99 
P.O; 0.20 0.54 0.70 0.68 0.70 0.68 
KO 1.54 1.02 1.21 2.16 1.75 2.40 
Na.O 3.96 4.07 4.55 3.94 3-93 1.63 
H,0 1.69 3.26 2.95 2.93 2.93 0.60 
Sp. Gr. 2.87 2.74 2.94 
Total 99.90 | 10t.22 98.45 | 100.59 | 99.81 IOL.17 


Careful analyses which have been made by G. P. Merrill*, W. H. 
Hobbs,’ and C. M. Whitney,° showing the change in chemical con- 
stitution of the weathered diabase from the fresh, are shown in 
Table I. 

The analyses are quite significant in several respects. If the dis- 
integration was caused by the leaching effect of the postglacial 


*T, A. Jaggar, “‘An Occurrence of Acid Pegmatite in Diabase,’’ Amer. Geologist, 
Vol. XXI (18908), pp. 201 

2'W. H. Hobbs, ‘‘On the Petrographical Characters of a Dike of Diabase in the 
Boston Basin,” Bull. Mus. Comp. Zodl., Vol. XVI (1888), pp. 1-12. 

3M. P. Billings, ‘‘On the Mechanics of Dike Intrusion,” Jour. Geol., Vol. XX XIII 
(1925), pp. 140-50. 

+ Op. cit. 


2 


I3. 


5 Op. cit. ®C. M. Whitney, thesis, Tufts College, 1916. 
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waters from the melting ice or from a wet postglacial climate, it 
seems highly probable that the weathered diabase would show a 
large decrease in its more soluble constituents such as the soda, 
potash, and silica, and a correspondingly large increase in the alumi- 
na, the most insoluble constituent. But as the analyses show, there 
is comparatively little attack on the feldspathic constituents; the 
alumina shows a slight increase to be sure, but the soda also unac- 
countably increases, while the potash decreases very little. 

On the other hand, there is a most significant change in the 
ferric and ferrous iron. The ferrous iron is reduced to about one- 
half in the weathered material, whereas the ferric iron increases to 
about double its former percentage. This indicates that oxidation 
has progressed much farther than leaching. The CaO, MgO, and 
MnO decrease a trifle, which is in accord with a slight leaching action. 


EVIDENCE 

The exposures mentioned by previous investigators (Wilson, 
Crosby, and Merrill), such as the outcrop of diabase at Powder 
House Square, Somerville, the exposures along Pasture Hill, Med- 
ford, and the erratics on Pine Hill, Medford, have been re-viewed 
by the author and have been found to be essentially as described. 
Since Wilson’ has accurately described these, they will not be further 
considered here. 

In the last few years, extensive building has been in progress along 
Governor’s Avenue, Medford, and numerous exposures of the dike 
have been made. In one of these exposures (Fig. 1) a bed of rela- 
tively fresh glacial till is resting upon the dike of diabase which is, 
at this place, weathered and disintegrated to a depth of 40 feet, 
while a scant 100 yards down the avenue, the same bed of till rests 
directly upon fresh, unweathered diabase. It seems only reasonable 
to conclude that the weathering took place in pre-Wisconsin times, 
for in both places the degree of exposure is identical, and, if the 
weathering was postglacial, both exposures of the dike should be dis- 
integrated to approximately the same depth. 

About a quarter of a mile farther up Governor’s Avenue there is 
another excellent exposure (Fig. 2) which shows a sharp angular 


: Op. cit. 
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Fic. 1.—Comparatively fresh, glacial till resting on the main dike of diabase, which 
has disintegrated in situ to a depth of 40 feet. Governor’s Avenue, Medford, Massa- 
chusetts. 





Fic. 2.—Boulders of fresh and disintegrated diabase intermingled in the fresh gla 
cial till. Governor’s Avenue, Medford, Massachusetts. 
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boulder of fresh unweathered diabase resting between two almost 
completely disintegrated boulders of Medford diabase, and all three 
are in the same stratum of comparatively fresh glacial till. All three 
have about the same size grain, and as they must have been subject- 
ed to the same conditions since the last ice invasion, because they 
are so closely related to each other and have exactly the same degree 
of exposure, etc., it seems only logical to conclude that two of the 
boulders were weathered when the glacier picked them up, and that 





Fic. 3.—Varved glacial clay containing disintegrated boulders of diabase and resting 
on the main dike which is comparatively fresh. Tufts College, Massachusetts. 


the third boulder was torn from the fresh unweathered dike of dia- 
base. No other explanation could readily account for the differen- 
tial weathering of the three boulders. 

During the investigation of this problem, excavations for the new 
Tufts College gymnasium were started, and by a happy coincidence 
a most convincing exposure of the dike and its glacial relations was 
made. At the place of excavation the dike of diabase was overlaid 
with a fairly thick bed of glacial clay, containing many boulders of 
diabase (Fig. 3). The varves of the glacial clay may be plainly seen 
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in the upper right-hand corner of the photograph. In the photo- 
graph may be seen two boulders of Medford diabase which are al- 
most entirely disintegrated. At the point of contact between the 
bed of glacial clay and the main dike of diabase (this point is about 
3 feet below the lower boulder in the photograph), the diabase is 
weathered to a depth of less than 3 inch. There would seem, there- 
fore, to be too much difference in weathering to be explained by 
only 3 feet difference in depth, if the decomposition took place in 
postglacial times. On the other hand, if the weathering was mainly 
pre-Wisconsin, the above phenomenon may be readily explained. 
The weathered portion of the dike at this location was probably 
stripped off by the glacier and carried away, and the boulders now 
resting in the clay above the dike are, no doubt, part of the pregla- 
cially weathered dike, which were stripped off by the glacier from 
the northern portion of the dike. 

Lastly, there is the all-important question of the rate of weather- 
ing of the diabase. It seems hardly credible that enough time has 
elapsed since the last ice invasion for the diabase to have disinte- 
grated to a depth of 40 feet. For evidence on the rate of weathering, 
a historical cemetery on Salem Street in Medford Square, Medford, 
was carefully investigated. In this cemetery were several monu- 
ments of Medford diabase, two of which were erected more thana 
century ago. The weathering of one of these monuments was im- 
perceptible but on the surface of the other, on the most exposed 
side, was a layer, less than 1 millimeter thick, of white kaolin-like, 
weathered diabase, totally unlike the product of disintegration above 
the dike, which is a red gravel. The lettering on both monuments 
was sharp and distinct. The above illustration is to show the ex- 
tremely slow rate at which the diabase weathers under present cli- 
matic conditions. Wilson’ mentions three erratics of diabase on top 
of Pine Hill, Medford. One of these erratics which is about 7 feet 
in diameter is almost completely disintegrated (about one-third of 
the boulder was rather easily chipped off in small chunks without a 
fresh surface of diabase appearing). About 15 feet from this boulder 
are outcrops of native bed rock with about the same degree of ex- 
posure as the erratic, and these outcrops are plainly glaciated. From 


t [bid. 
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this it is evident that even if, under optimum conditions, the dia- 
base weathered at the rate of .1 inch per century (which is an ex- 
tremely liberal allowance), the disintegration of the erratic must 
have extended over a period of at least 80,000 years! But the time 
of the recession of the last ice invasion is estimated to have occurred 
not longer than 20,000 years ago, and more probably about 12,000 
years ago." 
SUMMARY 

From the evidence above, there is but one logical conclusion to be 
derived; namely, that most of the weathering of the dike of diabase 
at Medford, Massachusetts, occured in pre-Wisconsin times, for: 

1. It seems highly improbable that, if the weathering took place 
in postglacial time, within a distance of 100 yards and with the 
same degree of exposure, one portion of the dike covered with fresh 
glacial till should be fresh and unweathered while the other portion, 
also covered with the same stratum of glacial till should be disinte- 
grated to a depth of 40 feet. 

2. It also seems very unlikely that boulders of diabase, with the 
same degree of exposure in the glacial till, should have such varying 
rates of weathering that some should be entirely disintegrated, while 
others are weathered not at all. 

3. Also, as the analyses show, the weathering is more oxidation, 
with comparatively little attack on the feldspar, and less kaoliniza- 
tion than in the present weathering of the monuments. 

4. Finally, there has not been enough time since the last ice inva- 
sion for the diabase to have weathered to the extent to which it has 
weathered.’ 

* Recession of the Last Ice Sheet in New England, by Antevs. 

? The author wishes to express his gratitude for the invaluable assistance of Dr. 


Alfred C. Lane in helping to correlate and interpret the evidence, and also to thank 
Raymond A. Yeaton of this college for the photographs taken for this article. 

















THE ADIRONDACK MAGMATIC STEM: A CORRECTION 


A. F. BUDDINGTON 


The data for the molecular norm ratios of the plagioclases in a paper 
by the writer on “The Adirondack Magmatic Stem,” appearing in the 
April-May issue of the Journal of Geology, Vol. XX XIX, pp. 240-63, are 
in several cases obviously inaccurate. In revising the proof, molecular 
ratios incorrectly calculated on the basis of the ‘‘Norm”’ molecule (Na,O.- 
Al,O,.0Si0,) were inserted in several places. The norm ratios for the 
plagioclases on the pages listed below should be changed as indicated. 
P. 246, for Ab.sAn,;, read Ab,,Anj6; for AbyAngo read AbsAn,,; for Ab,s- 

An., read Ab,,An.,. 
P. 247, for Ab.,Anz read Ab,sAngo,. 
P. 248, delete the column showing norm ratios for the plagioclase. 
P. 250, for Ab.An,, read Ab,,An;5; for Ab,,.An, read Abs,An,s. 
P. 257, for Ab,;An;; read Ab,;;An,;. 
P. 258, for AbgoosAn,;-4. read Abz-;;An.;30: for Ab,;An,, read Abx;An,;. 
P. 261, for Ab,.An.3 read Ab,,An,;. 
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PETROLOGICAL ABSTRACTS AND 
REVIEWS 
ALBERT JOHANNSEN 
Untersuchung iiber die Gesteinsverwitterung in der Schweiz. By M. 
GSCHWIND and P. Nico it. Lief. XVII (1931). Pp. 132; figs. 4 
pl. 5; bibliography, 173 items. 


w 


While this volume on weathering uses Swiss rocks as examples, it is 
far from being of local interest only. After a general introduction dealing 
with the agents of weathering, the authors take up briefly the methods 
used in the determination of the changes which have taken place. The 
second section treats of the alteration of loose sands, of rocks of the 
Molasse and the Flysch, and the weathering of limestones. The third 
section gives in considerable detail the weathering of the crystalline rocks 
of the Alps. Part IV gives a tabulation of the chemical analyses used in 
the previous sections. Part V compares the weathering in the Swiss area 
with that in other regions. There are many chemical analyses and dia- 
grams showing the alterations, and a number of interesting tabulations 
of the changes produced in the different rock-forming minerals. 


German-English Geological Terminology. By W. R. JONES and A. 

CissArz. London, 1931. Pp. 250. 

This little book on geologic terms differs from the usual German- 
English word books in being arranged, not in alphabetical order, but in 
the form of a geologic primer with German and English versions of the 
text on opposite pages. The Preface states that “‘the object of this book 
is primarily to aid English-speaking and German students to acquire a 
knowledge of the chief terms used in the language foreign to them, in geo- 
logical subjects.’ Since such terms usually are not included in bilingual 
dictionaries, “the authors believe that it will be helpful to give students 
the opportunity of reading simple literature in their subject in the foreign 
language: that is why this book has been written.” 

The book covers the whole subject of geology: vulcanism, paleontol- 
ogy, crystallography, igneous, sedimentary, and metamorphic petrology, 
and ore deposits. At the end of the volume are lists of abbreviations com- 
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monly used in German and English geologic literature, conversion tables, 
a table of the chemical elements, a German and an English list of mineral 
names, and German and English indexes. 

The German diction is very much superior to the English. 


Gems and Gem Materials. By E. H. Kraus and E. F. HoLpen. 2d 

ed. New York, 1931. Pp. 260+ix; figs. 325. 

In Part I of this revised edition of Kraus and Holden’s Gems and Gem 
Materials, crystal forms, physical, optical, and chemical properties, modes 
of formation and occurrence, methods of cutting and polishing, and prepa- 
ration of artificial gems are described. An outline map showing the geo- 
graphical distribution of the more important gem minerals is given. The 
chapters on cutting and polishing and on the preparation of artificial 
gems are extremely interesting, the latter especially since there is little 
in other books on the subject. 

In Part II the individual gems are described with their properties and 
modes and places of occurrence. Here are included not only the so-called 
“precious” stones but the semi-precious as well, namely, azurite and 
malachite, pyrite, hematite, fluorite, gypsum, serpentine, coral, amber, 
etc. Finally, there are eleven tables giving classifications of gem materials 
according to various properties. 

The second edition has been enlarged from 222 to 260 pages, and by the 
addition of 69 illustrations. It is revised practically throughout, and much 
new material is given, especially on the cutting, polishing, and manu- 
facture of gems. 

The book should find a wide market among all lovers of gems. It is 
written in an interesting manner and is well printed on heavy glazed 
paper. 


Ocnosbt Mukpockonnuueckux Meroyos Heeneyqosanna Kpuerasmin- 
yeckoro Bemectsa. By W. N. Lopocnikow. Leningrad, 1930. Pp. 
250; figs. 84; 3 folding tables. 

A book on optical microscopical methods, written entirely in the 

Russian language. 


Yenexu Ierporpadun B Poceuu. (‘The Progress of Petrography in 
Russia.”) By F. Lo—wrnson-Lessinc. Petrograd, 1923. Pp. 408. 


This work, although published in 1923, has only recently been received. 
Unfortunately, like the preceding, it is entirely in the Russian language, 
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consequently a closed book to most petrographers in this country. If it 
were printed in Latin characters instead of Russian, it might be possible 
to find the portions in which one is especially interested without great 
trouble, and then obtain a translation of that part. As it is, the book is 
hopelessly lost to us, as are so many other valuable Russian publications 
which remain untranslated. 

While the book is called The Progress of Petrography in Russia, it is 
really much more than that, for the first 327 pages deal with such sub- 
jects as “‘Petrography since the Introduction of the Petrographic Micro- 
scope,” ‘‘Petrographic Methods,” ‘Mineral Composition of Rocks,” 
“Rock Structures,” ‘“Chemical Compositions of Rocks,’’ and ‘‘Nomen- 
clature and Classification of Rocks.’’ There are also three chapters on 
the various igneous, sedimentary, and metamorphic rocks. The scope of 
the work may be seen in the very complete bibliographies given at the 
ends of the various chapters, and the many citations of Russian books and 
articles show how much of the literature is hidden from us. 


Ilerporpadua (““Petrography”’). By F. Lo—winson-Lessinoc, Lenin- 

grad, 1931. Pp. 536; figs. 241. 

This general textbook on petrography is also entirely in the Russian 
language. The first part deals with modes of occurrence, structures, and 
the physical chemistry of the magma. The second part deals with the 
individual rocks. There are many illustrations, and although they are not 
especially well reproduced, on account of the poor paper on which the 
text is printed, yet they make one wish that one could read the book to 
find out what it is all about. 


Chemismus schweizerischer Gesteine. Beitrige zur Geologie der 
Schweiz. By P. Niccii ef al. Geotechnische Serie, Lief. XIV 
(1930). Pp. 389; figs. 59; map. 

The most important part of this book on the chemistry of the Swiss 
rocks is the tabulation of chemical analyses. Here are given 1,289 com- 
plete and 565 partial analyses, arranged geographically and calculated 
in Niggli’s system. The analysts, localities, literature references, and brief 
descriptions are given. Whenever the original author has given modal 
percentages, these are shown; but the number of such determinations, 
here as everywhere, are woefully few. 

The first part of the book deals with the chemistry of the earth’s crust 
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in general. The composition of the lithosphere and of the rock-forming 
minerals are discussed. There are numerous analyses of minerals, not 
exclusively of Swiss rocks, but including representative examples from 
various localities. They would be much more valuable if they were given 
in association with chemical analyses of the rocks in which they were 
found. It would be very desirable if one could have, say, ten or fifteen 
complete analyses of each of the principal rock types and complete 
analyses of all of the minerals which occur in each. This would be an 
undertaking too great for any one individual but might be carried through 
by the co-operation of a large number of institutions. 

Following the descriptions of the minerals is a short summary of the 
chemistry of the more important igneous, metamorphic, and sedimentary 
rocks and of the lithosphere as a whole, and many representative 
analyses. The second part is introduced by a tabulation of the important 
rocks in which are given, besides the classification, their structures and 
textures, properties, and principal uses. This is followed by the 216 
pages of chemical analyses mentioned above. 

Part IV, dealing with the chemical petrography of Swiss rocks, dis- 
cusses the chemical relationships in various localities. 


The Geology of Central Sutherland (Explanation of Sheets 108 and 109). 
By H. H. Reap. Mem. Geol. Surv., Scotland, 1931. Pp. 238+ 
vii; figs. 13; pl. 5; bibliography, 99 items. 

The 964 square miles described in this memoir occur in the central 
part of Sutherland and in southwestern Caithness in the highlands of 
Scotland. The western portion of the area embraces a part of the moun- 
tain range which extends from Durness to Ben More Assynt, and which 
is composed of much-faulted gneisses, schists, and quartzites. The highest 
elevations of the area, reached in two or three peaks, are a few hundred 
feet over 3,000, but there are a number of other points nearly as high, and 
many between 1,300 and 2,000 feet. Through the western part extends 
the Moine Thrust, a great dislocation which separates the Lewisian, 
Torridonian, and Cambrian formations of the west from the great Moine 
series of the east. Some 700 square miles of the area are covered by the 
rocks of the Moine series, consisting of siliceous and semi-pelitic granu- 
lites, pelitic schists, epidosites, and various hornblende-, biotite-, scapo- 
lite-, staurolite-, garnet-, and sillimanite-schists. Intruding these rocks is 
a series of ultrabasic, basic, and acidic igneous rocks. 
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There are many injections of granitic material into the country rock 
of the Loch Choire district, resulting in the formation of hybrid rocks of 
various types. In the Strath Halladale complex the intrusions are in the 
form of sheets, but there is much less type-mixing. Scyelite is among the 
rocks found. The Ben Loyal intrusion includes pulaskite and nord- 
markite, but there is very little metamorphism. In the Ben More Assynt 
and Corrykinloch districts there are various alkaline rocks, including 
aegirite-felsite and monchiquite, as well as porphyries, spessartites, 
amphibolites, and granitic rocks and pegmatites. The Helmsdale granite 
(adamellite) is a circular area with no injection phenomena and with near- 
ly vertical walls. 

Numerous chemical analyses, some of them new, are given; and there 
are several well-drawn line engravings of thin-sections. 


The Study of Rocks. By S. J. SHAND. London, 1931. Pp. 224+xii; 
small 12mo. 

In this little book Shand has devoted one chapter to the procedure 
necessary for the study of rocks, one to the characteristics of igneous rocks 
in the field, one to the various minerals occurring in igneous rocks, another 
to classifications in general, and the remainder of the book to the various 
igneous, sedimentary, and metamorphic rocks. In an Appendix he gives 
a summary of the procedure in making a chemical analysis. 

While in so small a book one cannot expect detailed rock descriptions, 
it is remarkable how much Shand has been able to present in these 224 
pages. Illustrations of various rocks would have been desirable; but with 
the high cost of halftones, it is easy to understand why they should have 
been omitted. The classification of igneous rocks used is Shand’s own. 
He divides them into four groups: oversaturated, saturated, undersatu- 
rated non-feldspathoidal, and undersaturated feldspathoidal. While no at- 
tempt has been made to give complete bibliographies, there are, at the 
ends of the chapters, very useful references under the heading “‘Sugges- 
tions for Reading.”’ The citations are to the more easily accessible pub- 
lications, such as government reports and the various geological journals, 
so that the student, even in the smaller schools, should be able to make 
use of them. 

There is a slight error on page 50, in the description of the reviewer's 
system of classification. Instead of 736 families, there can be only 292 
regular families, if all possible pigeonholes are considered, and 24 addi- 
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tional ones if the 72 monzonitic additional families are substituted for 48 
of the regulars, making a grand total of 316. But such a total does not 
exist. At the present time, 165 regular and 6 of the 24 auxiliary pigeon- 
holes are blank, and half of them will probably never be filled. 


Plutonismus und Vulkanismus. By F. VON WotFr. From the Hand- 
buch der Geophysik, Vol. III (1930). Pp. 32-348; figs., over 100. 
There is such a mass of information condensed in this volume that a 

short review cannot possibly do justice to it. Only the main points can be 

touched upon, and not even all the chapter headings can be mentioned. 

It is briefer than the same author’s Vulkanismus and is intended for the 

more general reader, although it is far from being an elementary and 

superficial text. 

Vulkanismus, broadly, is defined as embracing all those phenomena 
which are related to the intrusion or extrusion of magmas. This broad 
definition, therefore, embraces both surface vulcanism (vulcanism in the 
narrow sense) and abyssal vulcanism (plutonism). After giving a short 
history of vulcanism and the foregoing definition, von Wolff discusses the 
composition of the earth’s interior, the crust, the effects of temperature 
and pressure, and the temperature gradient and its variations in differ- 
ent regions. Another chapter is devoted to the physical properties and 
temperature of the lava, the methods of determining temperature, the 
melting-points of minerals, and the density of the magma and its composi- 
tion. It treats of the volatile components and the crystallization of the 
magma, the separation of gases, magmatic differentiation with brief men- 
tion of various theories, magmatic provinces, assimilation, and resorption. 

The classifications of von Wolff and of Niggli are given, and reference 
is made to other classifications published in von Wolff’s larger work, 
Vulkanismus. 

Chapter vi, ‘‘Plutonismus,” deals with the solidification of the magma 
under pressure, the formation, crystallization, and deformation of plu- 
tonic rocks, and the forms of plutonic bodies. Other subjects considered 
are submarine injections and the formation of volcanic islands, surface 
eruption and its relation to plutonic activity, the products of vulcanism 
and the types of lava and ejectamenta, fissure eruptions and examples of 


their occurrence, the formation of volcanic cones, maare, etc., gaseous 
phases of eruptions, products of the effusive phase, and active volcanoes. 
He describes volcanic exhalations, the effects of acids on the rocks, the 
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role of water in the fluid phase, fumaroles, and post-volcanic phenomena, 
solfataras, hot springs, and geysers. 

Finally, there is given the regional distribution of active volcanoes. 

The book is one of the best of recent works on volcanoes and should be 
in the hands of every petrographer. Being published as part of the Hand- 
buch der Geophysik doubtless limited the Size of the work, yet the addition 
of more bibliographic references would have been very desirable. 

Illustrations, presswork, and paper are excellent. 


Der Vulkanismus. By F. von Wo FF. Vol. II, Pt. 2, Sec. 1. Stutt- 
gart, 1931. Pp. 829-1111; figs. 89; maps, 2 folding, one of which 
is colored. 

The present volume forms the first section of the second part of Volume 
II of Professor von Wolff’s monumental work on vulcanism. It follows the 
plan of the preceding portions in the same detailed manner. Here are de- 
scribed the appearance, topography, size, character of eruption, and the 
kind, chemical composition, and classification of the lavas of the volcanoes 
of the section embraced by the Atlantic Ocean. There are included the 
volcanoes of Greenland, Jan Mayen, Iceland, the Azores, St. Paul’s Rocks, 
Ascension Island, the Madeira group, Porto Santo, the Canary Islands, 
Teneriffe, La Palma, the Cape Verde Islands, St. Helena, and many 
others. 

There are nearly 75 pages of chemical analyses and many pages of 
bibliographic references. 

This book, with the preceding portions and the parts yet to come, 
represents a stupendous task, which few men would care to undertake. 
Professor von Wolff deserves the thanks of all petrographers for his 
labor of love. 
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Plant Life through the Ages. By A. C. SEWARD. New York: Mac- 
millan Co., 1931. Pp. 601+xxi; figs. 139. $10.00. 

Plant Life through the Ages has undoubtedly an important mission to 
fulfil in all countries where English is understood. It does not, in scope 
or compass, duplicate any existing book on paleobotany, but is written on 
lines of its own, addressing itself to ‘“‘the layman as well as the student 
of botany and geology, two different classes of readers who do not usually 
approach a subject from the same point of view.”’ 

To a certain extent the work may be regarded a supplement to the 
author’s well-known Fossil Plants, the four volumes of which are equally 
indispensable to the paleobotanical research worker and to the botanist 
who wants to correlate the study of recent plants with the fossil record. 
Whereas the Fossil Plants contains a very extensive review of all groups 
of fossil plants before the age of the angiosperms, the present work tries 
to give the connected story of the actual course of development, as seen 
in time and space. 

The first six chapters serve to give the general reader the necessary 
geological and botanical foundation for the study of the fossil floras. 
Typical geological sections elucidate the principles of stratigraphy and 
help the reader to understand how the geologists translate the record of 
the rocks into a history of geographic changes. The main features of the 
critical periods in the history of the earth are explained in the passages 
dealing with mountain making and the ice ages; in this connection the 
Wegener hypothesis of continental drift is impartially discussed. 

The botanical aspect of the subject is aptly introduced by a chapter on 
the preservation of plants as fossils. Botanists familiar only with living 
plants would do well to acquaint themselves with this matter before dep- 
recating the paleobotanical methods of study: they will learn the neces- 
sary limitations imposed by the nature of the material but also the sur- 
prisingly accurate results that have been obtained in favorable cases. 
The following chapter, on “A Classification of Plants,’ will be of use 
chiefly to the geologist and to the general reader, but even to many 
trained botanists it may come as a surprise to find how largely the fossils 
have contributed to the botanical system. 
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The main portion of the book follows the development of the plant 
world in chronological sequence. But for each natural period of paleo- 
botanical history the author gives an account of the various groups of 
plants and their interrelations. These sections, which take up a consider- 
able part of the book, may be regarded to some extent as a summary of 
the more detailed exposition in Fossil Plants, but do not presuppose any 
knowledge of that work. 

It would be tempting to sketch the outlines of the great drama that 
unfolds itself in Professor Seward’s presentation of the development of 
plant life; but it is only possible to point out some of the most interesting 
passages. A searching and exhaustive criticism is allotted to the first prob- 
lematic fossils of the pre-Cambrian rocks: this branch of study should be of 
particular interest to American readers, since the material is chiefly derived 
from North America. An account of the algal life in the old Paleozoic 
seas leads on to the plants of the Devonian and the problem of the origin 
and rise of the land flora—the most important event in the earth’s history 
since the appearance of life. To the Carboniferous and Permian periods 
have been devoted no less than three chapters. The many interesting 
groups of Carboniferous plants are passed in review, but we also find a 
valuable and interesting discussion of the relation of the vegetation to 
environment and the conditions obtaining when the greater part of the 

_world’s coal resources were accumulated. The remarkable distribution of 
Carboniferous and Permian floras has received the extensive treatment 
which the subject calls for, especially because of its connection with the 
great unsolved problems of the late Paleozoic ice age. The importance of 
the climatic changes is again made clear in the treatment of the critical 
period which marks the close of the Paleozoic era, when the setting in of 
arid conditions terminated the reign of the vegetation of the coal swamps. 

The section on the Mesozoic floras gives in the first two chapters a 
summary of the important plant groups, in particular the dominant 
Cycadophytes. Among the features of general interest dealt with at con- 
siderable length is the remarkable uniformity of the Jurassic vegetation, 
which is illustrated, among other things, by the fact that closely related 
floras are known from England, India, and the Antarctic. In the history 
of the Cretaceous flora the outstanding event is the great revolution 

brought about by the inexplicably sudden appearance of the angiosperms, 
which Darwin called an “abominable mystery,” and which is discussed 
in its various aspects. The few and partly problematical forms which 
have been regarded as forerunners of that dominant group are dealt with 
in the chapter on Jurassic plants. 
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In the account of the Tertiary floras, the question of distribution 
again comes into the foreground. It is illustrated by a profusion of facts 
which are given mostly under the different groups of plants; whereas, 
some readers might have preferred a geographical arrangement of the 
subject matter. It cannot be denied, however, that the author conveys a 
good idea of both the rich vegetation in high latitudes during the early 
Tertiary and the southward migration of the floras caused by the cooling 
climate which finally led to the Quaternary ice age. The last act in the 
drama of Cenozoic plant wanderings and climatic changes is given in the 
chapter on the floras of the glacial and postglacial stages. In this connec- 
tion the author draws attention to the new method for study of the de- 
velopment of Quaternary vegetation which has become available 
through the introduction of pollen statistics. One might perhaps have 
wished for a somewhat fuller account of this important step forward, 
which in a very short time has revolutionized the study of the postglacial 
changes in the distribution of plants. 

The concluding chapter contains a most interesting retrospect and 
summary dealing with both evolutionary problems and those geographical 
changes which have found expression in the composition and distribution 
of the vegetation. The geological history of the main groups of plants is 
illustrated by a diagram; the choice of graphical method for this purpose 
is perhaps not a very happy one, but a quite satisfactory construction 
of this kind has hardly been achieved as yet. 

The list of literature is very extensive and will be most useful even to 
specialists. The book is profusely illustrated by photographs—many of a 
geographical or. geological character—sketch maps, and diagrams. The 
many restorations of scenes from the vegetation of the past strike a new 
line. Hitherto it has been customary in attempts of this kind to picture 
the forest rather than the trees. Such geological landscapes may convey 
a striking impression of, for instance, the luxuriance of Carboniferous 
vegetation or the contrast between the past and the present plant life of 
the polar regions; but they cannot be acquitted of a certain sameness, and 
they generally give little information on the different kinds of plants. 
With the skilled aid of Mr. E. Vulliamy, the author of the work under 
review has made the attempt to reconstruct a comparatively large num- 
ber of different types and to present them as freely exposed individuals, 
thus giving as far as possible a botanically accurate picture of the flora 
rather than of the vegetation. 

There is no doubt that Professor Seward’s Plant Life through the Ages 
will do much to stimulate interest in the development of the plant world. 














Everybody who recognizes that this branch of study is worthy of a more 
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general attention than has so far come to its share must wish for a wide 


circulation of the work. 
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This report maintains the high standards set by the previous annual 
reports of this committee. This publication, like the earlier numbers of 
the same series, contains notes of progress in certain lines of research, re- 
views of the literature in special phases of sedimentation, and bibliog- 
raphies covering both special and general topics. The reviews of the litera- 


ture and the bibliographies are the most valuable features of the publica- 
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tion and are most essential to anyone interested in problems of sedimenta- 
tion or of sedimentary petrology. 

According to a note on the last cover of this volume, there are two back 
numbers of the committee’s reports still available: namely, No. 85 
(1927-28) and No. 92 (1928-29). They are $1.00 each. Orders for the 
last report as well as for the two back numbers should be accompanied 
by remittance and addressed to the Publication Office of the National 
Research Council, Washington, D.C. 

F. J. PETTIJOHN 


The Borden (Knobstone) Rocks of Southern Indiana. By Paris B. 
STOCKDALE. Indiana Department of Conservation, Division of 
Geology. Publication No. 8, 1931. Pp. xi+330; figs. 72; pls. 7. 
The primary aim of this work is to offer a comprehensive report on 

the stratigraphy of the Borden rocks of southern Indiana. Even a casual 
perusal of the volume will convince the reader that Dr. Stockdale’s pur- 
pose has been splendidly accomplished. The publication is better bound, 
finer printed, and more clearly and comprehensively illustrated than most 
state reports, but it is a little unfortunate that so significant a contribu- 
tion should lack proper designation on the binding, and be without an 
index. 

The Borden group, ranging in thickness from 400 to 765 feet, rests upon 
the Rockford (Kinderhook) limestone, or upon the New Albany shale, 
and it is overlain by Harrodsburg (Warsaw) limestone. The picturesque 
topography developed on these “‘Knobstone”’ rocks, the ‘“‘crinoid beds’”’ at 
Crawfordsville, and many another feature of these sediments early called 
their attention to various writers; but it remained for Stockdale to prepare 
the first detailed account of these important strata. His subdivision of the 
beds may be summarized as follows: 

Edwardsville formation, 65 to 160 feet. 

Floyds Knob formation, 3 to 70 feet. 

Carwood formation, generally 115 to 150 feet. 

Locust Point formation, maximum of 140 feet. 

New Providence formation, 190 to 290 feet. 

In addition Stockdale recognizes a number of facies as well as members 
under each of the formations. Most of the terms used, with the exception 
of New Providence, are new to the literature. 

It is quite apparent that the author has ranged over the nearly 2,000 
square miles of Borden exposure not only with the figurative fine-toothed 


comb, but with an actual instrument with which most all of us are too 
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casually acquainted, the telescopic alidade. As a consequence this volume 
is fairly bristling with detailed sections which the reader instinctively 
feels are the result of definite measurements rather than of haphazard 
approximations. The report contains a large number of illuminating illus- 
trations, and a series of maps, columnar sections, and diagrams, all of 
which are very instructive. There is also an interesting discussion of the 
Edwardsville “‘bioherms” or irregular calcareous masses (built, in large 
part, by crinoids and bryozoans) entirely surrounded by rocks of different 
lithology. A diagrammatic representation of a bioherm 2 miles in diameter 
is well displayed on Plate 6. 

CAREY CRONEIS 


Simple Determinative Mineralogy. By H. R. BERINGER. London: 

Mining Publications, Ltd., 1931. Pp. 239. 1os. 6d. 

The major part of this booklet is devoted to brief descriptions of some 
of the physical properties of over eight hundred minerals, arranged accord- 
ing to decreasing specific gravity. One table lists these minerals in twenty- 
one groups according to specific gravity; from four to ninety minerals are 
given in each group in order of decreasing hardness. Twelve pages are 
devoted to blowpipe and chemical tests for the various elements. The 
author recommends determining hardness and specific gravity as the first 
step in running down an unknown. Compare with the next notice. 


Tables and Charts of Specific Gravity and Hardness for Use in the 
Determination of Minerals. By J. L. RoseNnnoitz and D. T. 
SmitH. Troy, N.Y.: Rensselaer Polytechnic Institute, 1931. Pp. 
83. $0.30. 

Following a table giving the specific gravities and hardnesses of the 
minerals for which these data are available (alphabetical arrangement) 
are two sets of charts. The first set (seventeen charts) shows graphically 
the minerals in order of increasing specific gravity, with different symbols 
for common, rare, and very rare species. The second set lists minerals in 
twelve groups according to their specific gravities, similarly distinguishing 
common, rare, and very rare species. These are arranged in order of in- 
creasing specific gravity; but since hardness is shown graphically by means 
of scales on the charts, with the celluloid straight-edge furnished it is 
easy to find all the minerals of any given hardness within certain gravity 
limits. By using the two sets of charts it is possible to limit the unknown 
to a few species after determining its specific gravity and hardness. 

D, J. FISHER 
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